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(54) Recording aparatus and method, and program and recording medium used therewith 



(57) A recording control apparatus and method for 
recording audio data in an arbitrary integer number of 
sectors, the number sectors being one or greater. Video 
data js recorded in an arbitrary integer number of con- 
secutive sectors following the sectors for the audio data. 
For example, audio data is recorded in sector #1 , video 
data is recorded in subsequent sectors #2, #3 ; #4, and 
#5, and audio data is recorded in subsequent sectors 
#6 and #7. The audio data and the video data are re- 
corded on an optical disk in annual-ring form. The 
present invention can be applied to, a disk drive for driv- 
ing an optical disk. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to recording con- 
trol apparatus and methods, and programs and record- 
ing media used therewith. 

2. Description of the Related Art 

[0002] As Fig. 1 shows, in a conventional recording 
method, audio data items A (shaded portions in Fig. 1) 
and video data items V (blank portions in Fig. 1) are to- 
gether recorded, for example, in a sector as a physical 
recording/playback unit formed on a recording medium 
such as an optical disk. In Fig. 1 . thick-line partitions in- 
dicate sector boundaries. The audio data items A are 
played back in the order of audio-data items A.,.., and 
A 2 .i, and the video data items V are played back in the 
order of video-data items V.,^, V^, V 21 , and V 2 _ 2 . 
[0003] In the conventional recording method, the au- 
dio-data items A V1 and A 2 . A and the video-data items 
V 1-1» v i-2 » V 2-1* ancI v 2-2» eacn of which has small size, 
are arranged in the discrete free areas of the sectors. 
Thus, in the case of performing editing for replacing, for 
example, all or one of the audio-data items A 1 . 1 and A 2 -i 
by another audio data item A, for example, in the case 
of overwriting the audio-data items A.,.., and A 2 _ n by an- 
other audio data item A, not only the audio-data items 
A^-j and A 2-1 but also the video-data items V^-,, V-,. 2i 
V 2 . 1f and V 2 . 2 , which are not required for the editing, are 
read since data reading is performed in units of sectors 
from the inner circumferential side to outer circumferen- 
tial side of the recording medium. In other words, for the 
reading of unnecessary video signals having larger 
amounts of data than those of audio signals, it is difficult 
to perform rapid editing. 

[0004] Accordingly, for example, Japanese Unexam- 
ined Patent Application Publication No. 11-98447 dis- 
closes that, by recording video data and audio data in 
concentrically divided recording areas on an optical 
disk, each of the video data and the audio data can be 
recorded, to some extent, in consecutive form. 
[0005] . In addition, it is preferable that a pattern for re- 
cording data onto an optica! disk or the like be matched 
with uses and purposes of use of the optical disk. 

SUMMARY OF THE INVENTION 

[0006] Various aspects and features of the present in- 
vention are defined in the appended claims. 
[0007] The present invention is made in view of the 
above circumstances. Embodiments of the present in- 
vention seek to increase the level of convenience of a 
recording medium, such as enabling rapid editing. 
[0008] Embodiments of the present invention relate to 



a recording control apparatus and method in which, for 
example, editing can be rapidly performed, and a pro- 
gram recording medium used therewith. 
[0009] According to an aspect of the present inven- 

5 tion , a recording control apparatus forcontrolling record- 
ing of two or more data series on a recording medium 
is provided. The recording conlrol apparatus includes a 
data extraction unit for extracting, from the two or more 
data series, predetermined amounts of data each of 

io which is an integral multiple of the amount of data in one 
physical unit area on the recording medium, and a re- 
cording control unit for controlling recording, on the re- 
cording medium, of the predetermined amounts of data, 
from the two or more data series so that the boundaries 

15 of each of the predetermined amounts of data match the 
boundaries of the physical unit area, and so that the pre- 
determined amounts of data are disposed in a predeter- 
mined pattern. 

[001 0] According to another aspect of the present in- 
20 vention, a recording control apparatus for controlling re- 
cording of two or more data series on a recording me- 
dium is provided. The recording control apparatus in- 
cludes a data extractor for extracting, from the two or 
more data series, predetermined amounts of data each 
25 of which is a integral multiple of the amount of data in 
one physical unit area on the recording medium, and a 
recording controller for controlling recording, on the re- 
cording medium, of the predetermined amounts of data 
from the two or more data series so that the boundaries 
30 of each of the predetermined amounts of data match the 
boundaries of the physical unit area, and so that the pre- 
determined amounts of data are disposed in a predeter- 
mined pattern. 

[001 1 ] According to another aspect of the present in- 
35 vention, a recording control method for controlling re^ 
cording of two or more data series on a recording me- 
dium is provided. The recording control method includes 
the steps of extracting, from the two or more data series, 
predetermined amounts of data each of which is a mul- 
40 tiple of the amount of data in one physical unit area on 
the recording medium, and controlling recording, on the 
recording medium, of the predetermined amounts of da- 
ta from the two or more data series so that the bounda- 
ries of each of the predetermined amounts of data match 
45 the boundaries of the physical unit area, and so that the 
predetermined amounts of data are disposed in a pre- 
determined pattern. 

[0012] According to another aspect of the present in- 
vention, a recording medium having two or more data 

50 series recorded thereon is provided. On the recording 
medium, predetermined amounts of data which are ex- 
tracted from the two or more data series and each of 
which is an integral multiple of the amount of data in one 
physical unit area on the recording medium are record- 

55 ed so that the boundaries of each of the predetermined 
amounts of data match the boundaries of the physical 
unit area, and so that the predetermined amounts of da- 
ta are disposed in a predetermined pattern. 
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[0013] According to another aspect of the present in- 
vention, a recording control apparatus for controlling re- 
cording of a first data series and a second data series 
on a recording medium is provided. The recording con- 
trol apparatus includes a first data extraction unit for ex- 5 
trading, from Ihe first data series, a first amounL of data 
based on Ihe amount of data required for playback in a 
first playback period, a second data extraction unit for 
extracting, from the second data series, a second 
amount of data based on the amount of data required 10 
for playback in a second playback period different from 
the first playback period, and a recording control unit for 
controlling recording, on the recording medium, of the 
first amount of data from the first data series and the 
second amount of data from the second data series in '5 
a predetermined pattern. 

[0014] According to another aspect of the present in- 
vention, recording control apparatus for controlling re- 
cording of a first data series and a second data series 
on a recording medium is provided. The recording con- 20 
trol apparatus includes a first data extractor for extract- 
ing, from the first data series, a first amount of data 
based on the amount of data required for playback in a 
first playback period, a second data extractor for extract- 
ing, from the second data series, a second amount of 25 
data based on the amount of data required for playback 
in a second playback period different from the first play- 
back period, and a recording controller for controlling 
recording., on the recording medium, of the first amount 
of data from the first data series and the second amount 30 
of data from the second data series in a predetermined 
pattern. 

[001 5] According to another aspect of the present in- 
vention, a recording control method for controlling re- 
cording of a first data series and a second data series 35 
on a recording medium is provided. The recording con- 
trol method includes the steps of extracting, from the first 
data series, a first amount of data based on the amount 
of data required for playback in a first playback period, 
extracting, from the second data series, a second 40 
amount of data based on the amount of data required 
for playback in a second playback period different from 
the first playback period, and controlling recording, on 
the recording medium, of the first amount of data from 
the first data series and the second amount of data from 45 
the second data series in a predetermined pattern. 
[0016] According to another aspect of the present in- 
vention, a program for causing a computer to perform 
controlling recording of a first data series and a second 
data series on a recording medium is provided. The pro- so 
gram includes the steps of extracting, from the first data 
series, a first amount of data based on the amount of 
data required for playback in a first playback period, ex- 
tracting, from the second data series, a second amount 
of data based on the amount of data required for play- 55 
back in a second playback period different from the first 
playback period, and controlling recording, on the re- 
cording medium, of the first amount of data from the first 



data series and the second amount of data from the sec- 
ond data series in a predetermined pattern. 
[001 7] According to another aspect of the present in- 
vention, a recording medium having first and second da- 
ta series recorded thereon is provided. On the recording 
medium, a first amount of data which is extracted from 
the first data series and which is based on the amount 
of data required for playback in a first playback period, 
and a second amount of data which is extracted from 
the second data series and which is based on the 
amount of data required for playback in a second play- 
back period different from the first playback period are 
recorded in a predetermined pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention will now be described by way of 
example with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1 is an illustration of a conventional recording 
method; 

Fig. 2 is a block diagram showing an example of a 
disk recording/playback apparatus 10 to which the 
present invention is applied; 

Fig. 3 is a block diagram showing an example of the 
data converter 19 shown in Fig. 2; 
Fig. 4 is a flowchart illustrating a recording process 
of the controller 20 shown in Fig. 2; 
Fig. 5 is a flowchart illustrating an audio-data re- 
cording task; 

Fig. 6 is a graph showing a change in the total 
amount La of audio data and a change in the total 
amount Lv of video data; 

Fig. 7 is an illustration of a state in which audio data 
and video data are recorded on the optical disk 11 
shown in Fig. 2: 

Fig. 8 is a flowchart illustrating a video-data record- 
ing task; 

Fig. 9 is a graph a change in the total amount La of 
audio data and a change in the total amount Lv of 
video data; 

Fig. 10 is an illustration of a state in which audio 
data and video data are recorded on the optical disk 
11 shown in Fig. 2; 

Fig. 11 is an illustration of seek operations; 
Fig. 12 is an illustration of another state in which 
audio data and video data are recorded on the op- 
tical disk 11 shown in Fig. 2; 

Fig. 13 is a graph showing total amounts of data 
read from or written in the memory 18 shown in Fig 

2; 

Fig. 14 is a graph showing total amounts of data 
read from or written in the memory 18 shown in Fig. 

Fig. 15 is a graph showing the total amount of data 
read from or written in the memory 18 shown in Fig. 
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2; 

Fig. 1 6 is a block diagram showing another example 
of the data converter 1 9 shown in Fig. 2; 
Fig. 1 7 is a flowchart illustrating a recording process 
of the controller 20 shown in Fig. 2; 5 
Fig. 18 is a flowchart illustrating an audio-data re- 
cording task; 

Fig. 19 is a flowchart illustrating a video-data re- 
cording task; 

Fig. 20 is a flowchart illustrating a low-resolution- 
data recording task; 

Fig. 21 is a flowchart illustrating a meta-data record- 
ing task; 

Fig. 22 is a graph showing the total amounts of data 
stored in the memory 18 shown in Fig. 2; 
Fig. 23 is a graph showing the total amounts of data 
stored in the memory 1 8 shown in Fig. 2; 
Fig. 24 is a graph showing the total amounts of data 
stored in the memory 1 8 shown in Fig. 2; 
Fig. 25 is a graph showing the total amounts of data 
stored in the memory 18 shown in Fig. 2; 
Fig. 26 is a graph showing the total amounts of data 
stored in the memory 18 shown in Fig. 2; 
Fig. 27 is an illustration of a state in which data se- 
ries are recorded on the optical disk 11 shown in 
Fig. 2; 

Figs. 28A and 28B are illustrations of states in which 
data is read from or written on the optical disk 1 1 
shown in Fig. 2; 

Figs. 29A, 29B, and 29C are illustrations of data re- 
corded on the optica! disk 11 shown in Fig. 2; and 
Fig. 30 is a block diagram showing an example of 
a personal computer 1 01 . 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Fig. 2 shows an example of a disk recording/ 
playback apparatus (disk drive) 1 0 to which the present 
invention is applied. In the present invention, the disk 
recording/playback apparatus 10 may be either a disk 
recording apparatus or a disk playback apparatus. 
[0020] Based on a spindle-motor driving signal from 
a servo controller 15, a spindle motor 12 rotates an op- 
tical disk 11 at a velocity such as a constant linear ve- 
locity or a constant angular velocity. 
[0021] By controlling, based on a recording signal 
supplied from a signal processor 1 6, the output of a laser 
beam, a pickup 13 records the recording signal on the 
optical disk 1 1 . Also, the pickup 1 3 emits the laser beam 
to converge on the optical disk 11 , generates a current 
signal by performing photoelectric conversion on a re- 
flected beam from the optical disk 11 , and supplies the 
current signal to a radio frequency (RF) amplifier 14. A 
position in which the laser beam is emitted onto the op- 
tical disk 11 is controlled by a servo signal supplied from 
the servo controller 15 to the pickup 13. 
[0022] Based on the current signal from the pickup 13, 



the RF amplifier 14 generates a focusing error signal, a 
tracking error signal, and a playback signal. The RF am- 
plifier 1 4 supplies the focusing error signal and the track- 
ing error signal to the servo controller 15, and supplies 
the playback signal to the signal processor 1 6. 
[0023] The servo controller 1 5 controls a focusing ser- 
vo operation and a tracking servo operation. Specifical- 
ly, based on the focusing error signal and the tracking 
error signal from the RF amplifier 14, the servo controller 
1S- generates and supplies a focusing servo signal and 
a tracking servo signal to an actuator (not shown) in the 
pickup 13. The servo controller 15 generates the spin- 
dle-motor driving signal for driving the spindle motor 12, 
and controls a spindle servo operation for rotating the 
optical disk 11 at a predetermined rotational speed. 
[0024] The servo controller 1 5 also performs sled con- 
trol for changing a laser-beam-emitted position by mov- 
ing the pickup 13 in the radial direction of the optical disk 
11. A signal-reading position in which a signal is read 
from the optical disk 11 is set by a controller 20, and the 
position of the pickup 13 is controlled so that a signal 
can be read in the set signal-reading position. 
[0025] The signal processor 1 6 generates a recording 
signal by modulating recording data inputted from a 
, memory controller 17 and supplies the recording signal 
to the pickup 1 3. The signal processor 1 6 also generates 
playback data by demodulating the playback signal from 
the RF amplifier 14 and supplies the playback data to 
the memory controller 17. 

[0026] The memory controller 1 7 stores recording da- 
ta from a data converter 1 9, if needed, as described lat- 
er, and reads and supplies the stored recording data to 
the signal processor 16. The memory controller 17 also 
stores the playback data from the signal processor 1 6 
in a memory 18, if needed, and reads and supplies the 
stored playback data to the data converter 19. 
[0027] The data converter 1 9 generates recording da- 
ta by compressing, if needed, based on a method such 
as MPEG (Moving Picture Experts Group) or JPEG 
(Joint Photographic Experts Group), audio signal and 
video captured by a video camera (not shown) and a 
signal played back from a recording medium (not 
shown) which are supplied from a signal input/output de- 
vice 31 , and supplies the generated data to the memory 
controller 17. 

[0028] The data converter 1 9 also decompresses the 
playback data supplied from the memory controller 17, 
converts the decompressed data into ah output signal 
in a predetermined format, and supplies the output sig- 
nal to the signal input/output device 31 . 
[0029] Based on operation signals, etc., from an op- 
eration unit 21 , the controller 20 controls the servo con- 
troller 15, the signal processor 16, the memory controller 
17, and the data converter 19 to execute a recording/ 
playback process. 

[0030] The operation unit 21 is operated, for example, 
by a user to supply the controller 20 with an operation 
signal corresponding to the operation. 
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[0031] In the disk recording/playback apparatus 10 
having the above-described structure, when data re- 
cording is commanded by an operation on the operation 
unit 21 by the user, data from the signal input/output de- 
vice 31 is supplied through the data converter 19, the 
memory controller 17, the signal processor 16, and the 
pickup 13, and is recorded onto the optical disk 11 . 
[0032] When data playback is commanded by an op- 
eration on the operation unit 21 by the user, data record- 
ed on the optical disk 11 is read and played back by the 
pickup 13, tho RF amplifier 14, the signal processor 16, 
the memory controller 17, and the data converter 19, 
and is supplied to the signal input/output device 31 . 
[0033] Next, Fig. 3 shows an example of the data con- 
verter 19 in Fig. 2. 

[0034] In the mode of data recording onto the optical 
disk 1 1 , signals are supplied from the signal input/output 
device 31 to a demultiplexer 41 : From the supplied sig- 
nals, a plurality of series of related data, that is, for ex- 
ample, a video signal (e.g., in base band) representing 
moving pictures and an audio signal (e.g. , in base band) 
associated with the video signal, are separated and sup- 
plied to a data-amount detector 42 by the demultiplexer 
41. 

[0035] The data-amount detector 42 directly supplies 
the video signal and audio signal supplied from the de- 
multiplexer 41 to a video signal converter 43 and an au- 
dio signal converter 44, respectively. The amounts of 
data of the video signal and the audio signal are detect- 
ed and supplied to the memory controller 1 7 by the data- 
amount detector 42. In other words, the data-amount 
detector 42 detects the amounts of data concerning the 
supplied video signal and audio signal for a predeter- 
mined playback period, and supplies the detected 
amount of data to the memory controller 17. 
[0036] The video signal converter 43 performs MPEG 
encoding on the video signal supplied from the data- 
amount detector 42, treating all frames as intra-ptctures 
(l-pictures). The video signal converter 43 supplies the 
thus obtained series of pieces of video data to the mem- 
ory controller 1 7. Also, for example, by using MPEG, the 
video signal converter 43 encodes the audio signal sup- 
plied from the data-amount detector 42, and supplies 
the thus obtained series of pieces of audio data to the 
memory controller 17. 

[0037] The video data and audio data supplied to the 
memory controller 1 7 are supplied and recorded on the 
optical disk 11 , as described above. 
[0038] In the mode of playing back data from the op- 
tical disk 11 , video data or audio data is read from the 
optical disk 11, as described above. The video data is 
supplied from the memory controller 17 to a video data 
converter 45. and the audio data is supplied from the 
memory controller 17 to an audio data converter 46. 
[0039] The video data converter 45 performs, for ex- 
ample, MPEG decoding on the series of pieces of video 
data supplied from the memory controller 17 ? and sup- 
plies the thus obtained video signal to the a multiplexer 



47. The audio data converter 46 performs, for example, 
MPEG decoding on the series of audio data supplied 
from the memory controller 17 T and supplies the thus 
obtained audio signal to the multiplexer 47. 
5 [0040] The multiplexer 47 supplies the signal input/ 
output device 31 with the video signal supplied from the 
video data converter 45 and the audio signal supplied 
from the audio data converter 46. When only one of vid- 
eo data and audio data is read from the optical disk 11 , 

10 -whereby the video signal or the audio signal is supplied 
from the video data converter 45 or the audio data con- 
verter 46 to the multiplexer 47, it supplies either signal 
to the signal input/output device 31. When both video 
data and audio data are read from the optical disk 11 , 

15 whereby the video signal and the audio signal are sup- 
plied from the video data converter 45 and the audio da- 
ta converter 46 to the multiplexer 47, it multiplexes both 
signals to generate a multiplexed signal, and supplies 
the multiplexed signal to the signal input/output device 

20 31 . The multiplexer 47 can independently output the vid- 
eo signal and the audio signal in parallel. 
[0041] Next, a process of the controller 20 in Fig. 20 
for recording audio data A and video data V on the op- 
tical disk 11 is described below with reference to the 

25 flowchart in Fig. 4. 

[0042] When an operation on the operation unit 21 
causes the operation unit 21 to supply the controller 20 
with an operation signal for commanding the recording 
process to start, the controller 20 starts the recording 

3p process. 

[0043] In step S1 , at first, the controller 20 sets audio 
annual-ring size and video annual-ring size T sv . 
[0044] Audio annual-ring size T^ is a variable for de- 
termining the amount of audio data A to be recorded on 

35 the optical disk 1 1 in a collective form, and is represent- 
ed, for example, by an audio-signal playback period. 
Video annual-ring size T sv is also a variable for deter- 
mining the amount of video data V to be recorded on the 
optical disk 11 in a collective form, and is represented, 

*o for example, by a video playback period. 

[0045] That audio annual-ring size T^ and video an : 
nual-ring size T sv are ; so to speak, indirectly represent- 
ed by playback periods without being represented by 
amounts of data, such as the number of bits and the 

45 number of bytes, is based on the following reason. 
[0046] In the recording process in Fig. 4, as described 
later, on the optical disk 1 1 , audio annual-ring data as a 
set of audio data items for the amount of data based on 
audio annual-ring size T sa extracted from the series of 

50 pieces of audio data A, and video annual-ring data as a 
set of video data items for the amount of data based on 
video annual-ring size T sv extracted from the series of 
pieces of video data V are periodically recorded in a pre- 
determined pattern. 

55 [0047] When the audio annual-ring data and the video 
annual-ring data are periodically recorded in a predeter- 
mined pattern on the optical disk 11 , and audio and vid- 
eo are played back, the playback cannot be performed 
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unless a video signal and an audio signal associated 
with the video signal are supplied. Accordingly, from a 
playback viewpoint, audio annual-ring data at a play- 
back time and video annual-ring data at the playback 
time must be recorded in close positions on the optical s 
disk 11, that is, for example, in adjacent positions. 
[0048] When the amounts of audio data A and video 
data V for the same playback period are compared with 
each other, in general, the amounts of both greatly differ 
from e'ach other. In other words, the amount of audio 
data A in a playback period is greatly smaller than that 
of video data V in the playback time. In addition, there 
may be a case in which the data rates of audio data A 
and video data V are not fixed but variable. 
[0049] Accordingly, by using amounts of data to rep- 
resent audio annual-ring size T sa and video annual-ring 
sizeT sv , and respectively extracting, from data series of 
audio data A and video data V, in sequential order, audio 
annual-ring data and video annual-ring data in the 
amount of data, that is, audio annual-ring data and video 
annual-ring data of identical amounts, for video annual- 
ring data at each playback time, audio annual-ring data 
at a playback time positioned after gradual elapse of 
time from the playback time can be obtained. As a result, 
it is difficult to dispose, in adjacent positions on the op- 
tical disk 11 , audio data and video data which must be 
played back in the same playback time. 
[0050] Alternatively, by using a playback time to rep- 
resent audio annual-ring size and video annual-ring 
size T sv , and respectively extracting, from data series of 
audio data A and video data V, in sequential order, audio 
annual-ring data and video annual-ring data for the play- 
back period, a set of audio annual-ring data and video 
annual-ring data at similar playback times can be ob- 
tained. As a result, audio data and video data which 
must be played back in the same playback time can be 
disposed in adjacent positions. 

[0051] Here, it is preferable that audio annual-ring 
size T sa be a value in which skipping by seeking of audio 
annual-ring data having the amount of data for a play- 
back period represented by the audio annual-ring size 
T sa is faster than reading from the optical disk 11 . Video 
annual-ring size T sv is also similar to the audio annual- 
ring size T sa , and such video annual-ring size T sv is, for 
example, approximately 1 .5 to 2 seconds in experience 
of the present Inventors. 

[0052] When audio annual-ring data and video annu- 
al-ring data at identical playback times are formed, au- 
dio annual-ring size T sa and video annual-ring size T sv 
may have identical values. In this case, it is preferable 
from the above playback viewpoint that the audio annu- 
al-ring data and video annual-ring data at identical play- 
back times be alternately disposed on the optical disk 
11. 

[0053] Audio annual-ring size and video annual- 
ring size T sv may have different values, and audio an- 
nual-ring size can be, for example, double video an- 
nual-ring size T sv since the data rate of the audio data 



is greatly less than that of the video data. In this case, 
for a piece of audio annual-ring data at a close playback 
time, the number of pieces of video annual-ring data at 
a playback time is two, and it is preferable, from the 
above playback viewpoint, that the one piece of audio 
annual-ring data and two pieces of video annual-ring da- 
ta corresponding thereto be in close positions on the op- 
tical disk 11. Specifically, it is preferable that the one 
piece of audio annual-ring data and the two correspond- 
ing pieces of video annual-ring dataise-periodically dis- 
posed in predetermined order, for example, in the order 
of the audio annual-ring data and one of the two corre- 
sponding pieces of video annual-ring data, or in the or- 
der of one of the two corresponding pieces of video an- 
nual-ring data, the audio annual-ring data, and the other 
one of the two corresponding pieces of video annual- 
ring data. 

[0054] Audio annual-ring size T sa and video annual- 
ring size T sv which are set in step S1 may have prede- 
termined fixed values or variable values. In order that 
the values of audio annual-ring size T sa and video an- 
nual-ring size T sv may be variable, the variable values 
can be input by operating the operation unit 21 . 
[0055] It is obvious that step S1 is unnecessary when 
audio annual-ring size and video annual-ring size 
T sv have predetermined fixed values. 
[0056] The recording process proceeds from step S1 
to S2. In step S2, the controller 20 starts an audio-signal 
converting process and a video-signal converting proc- 
ess in which, by controlling the data converter 19, the 
audio signal and video signal, supplied from the signal 
input/output device 31 to the disk recording/playback 
apparatus 10, are encoded and compressed to gener- 
ate data series of audio data A and video data V. The 
controller 20 also starts an audio-data storage process 
and a video-data storage process in which, by control- 
ling the memory controller 1 7 r the audio data A and vid- 
eo data V obtained in the data converter 1 9 are supplied 
and stored in the memory 18. 

[0057] Proceeding to step S3, the controller 20 starts 
an audio-data recording task that is a control task for 
controlling audio data A on the optical disk 11 , and pro- 
ceeds to step S4. In step S4, the controller 20 starts a 
video-data recording task that is a control task for re- 
cording video data V on the RF block 1 , and proceeds 
to step S5. Details of the audio-data recording task and 
the video-data recording task are described later. Steps 
S3 and S4 may be simultaneously performed or may be 
reversely performed. 

[0058] In step S5, the controller 20 determines wheth- 
er it has been supplied with an operation signal from the 
operation unit 21 for commanding data recording to 
stop. In step 35, if the controller 20 has determined that 
the operation signal has not been supplied yet, the con- 
troller 20 proceeds to step S6 and determines whether 
all recording tasks have stopped. In step S6, the con- 
troller 20 has determined that all the recording tasks 
have not stopped yet, the controller 20 returns to step 
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S5.and similar processing is repeated thereafter. 
[0059] In step S6 } if all the recording tasks have al- 
ready stopped, that is, when both the audio-data record- 
ing task started in step S3 and the video-data recording 
task started in step S4have stopped, the recording proc- 
ess ends. 

[0060] In step S5, if the controller 20 has determined 
that it has been supplied with the operation signal for 
commanding the data recording to stop, that is, for ex- 
ample; when the operation unit 21 is operated by the 
user to stop the data recording, the controller 20 pro- 
ceeds to step S7. In step S7, the controller 20 stops the 
audio-signal converting process and video-signal con- 
verting process started in step S2 and the audio-data 
storage process and video-data storage process started 
in step S2, and proceeds to step S8. 
[0061 ] In step S8 ; similarly to the case of step S6, the 
controller 20 determines whether all the recording tasks 
have stopped, in step S8 : if the controller 20 has deter- 
mined that all the recording tasks have not stopped, it 
returns to step S8 and waits for all the recording tasks 
to stop. 

[0062] In step S8, if the controller 20 has determined 
that all the recording tasks have stopped, that is, when 
the audio-data recording task started in step S3 and the 
video-data recording task started in step 4 have 
stopped, the recording process ends. 
[0063] Next, the audio-data recording task started in 
step S3 in Fig. 4 is described below with reference to 
the flowchart in Fig. 5. 

[0064] When the audio-data recording task starts, at 
first, in step S11 , the controller 20 initializes variable N a 
to, for example, 1 . Variable N a is incremented by 1 in 
step St 7 (described later). The controller 20 proceeds 
to step S12. 

[0065] In step S12, the controller 20 determines 
whether x N a is equal to or less than T sv x N v . 
[0066] T sa is an audio annual-ring size and represents 
a playback period of an audio signal. Variable N a is in- 
cremented by 1 whenever audio data (audio annual-ring 
data) having the amount of data based on audio annual- 
ring size T sa is recorded on the optical disk 11, as de- 
scribed later. Similarly, T sv is a video annual-ring size, 
and variable N v is incremented by 1 whenever video da- 
ta (video annual-ring data) having the amount of data 
based on video annual-ring size T sv is recorded on the 
optical disk 11, as described later. Accordingly, the ex- 
pression T sa x N a corresponds to the last playback time 
of audio annual-ring data to be recorded on the optical 
disk 11 when audio data is recorded in units of audio 
annual-ring size T sa , and the expression T sv x N v cor- 
responds to the last playback time of video annual-ring 
data to be recorded on the optical disk 11 when video 
data is recorded in units of video annual-ring size T^. 
[0067] It is assumed that audio annual-ring data and 
video annual-ring data at identical playback times are 
periodically disposed in a predetermined pattern so as 
to be recorded in close positions on the optical disk 11 . 



It is also assumed that audio annual-ring data and video 
annual-ring data at identical playback times are record- 
ed so that the audio annual-ring data is firstly disposed 
and the video annual-ring data is subsequently dis- 
5 posed. 

[0068] In the above case, when audio annual-ring da- 
la to be recorded is referred to as "audio annual-ring 
data of interest", the audio annual-ring data of interest 
is audio annual-ring data at the latest (closest to play- 

10 back time T sa x N a ) playback time prior to playback time 
T sa x N a . The audio annual-ring data of interest must 
be recorded just before video annual-ring data at the 
latest playback time prior to playback time T sa x N a is 
recorded, that is, just after recording video annual-ring 

is data at the second latest playback time prior to T sa x N a . 
[0069] The video annual -ring data to be recorded is 
video annual-ring data at the latest playback time prior 
to playback time T sv x N v . Accordingly, recording of the 
video annual-ring data of interest must be performed 

20 with timing in which playback time T sa x N a of audio 
annual-ring data is equal to or less than playback time 
T sv x N v . 

[0070] Accordingly, in step S12, as described above, 
the controller 20 determines whether playback time T sa 

25 x N a of audio annual-ring data is equal to or less than 
playback time T sv x N v . This determines whether the 
present time is used as timing in which recording of the 
audio annual-ring data of interest should be performed. 
[0071] In step S 12. if the controller 20 has determined 

30 that playback time T sa x N a of audio annual-ring data 
is not equal to or less than playback time x N v , that 
is, when video annual-ring data at the latest playback 
time prior to playback time T sv x N v has not been re- 
corded yet, and the present time is not used as timing 

35 . with which recording of the audio annual-ring data of in- 
terest should be performed, the controller 20 returns to 
step S12 and repeats similar processing. 
[0072] In step S1 2, if the controller 20 has determined 
that playback time T sa x N a of audio annual-ring data 

40 is equal to or less than playback time T sv x N v , that is, 
when the present time is used as timing with which the 
recording of audio annual-ring data of interest should be 
performed, the controller 20 proceeds to step S13 and 
determines whether audio data A is supplied from the 

45 data converter 1 9 to the memory 1 8 through the memory 
controller 1 7. If the controller 20 has determined that au- 
dio data A is supplied, it proceeds to step S14. 
[0073] In step S14, the controller 20 determines 
whether audio data A of the audio signal required for 

so playback in the period T sa x N a is accumulatively stored 
in the memory 18. If the controller 20 has determined 
that the audio data A has not been stored in the memory 
1 8 yet, the controller 20 returns to step S1 2 and repeats 
the subsequent steps. In step S14, if the controller 20 

55 has determined that the audio data A is stored in the 
memory 18, the controller 20 proceeds to step S15. 
[0074] When the data-amount detector 42 in the data 
converter 19 detects the accumulative audio signal re- 
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quired for playback in period T sa x N a , it notifies the 
memory controller 1 7 of the detection. Based on this no- 
tification, the memory controller 1 7 determines whether 
the audio data A required for playback in the period T^ 
x N a is accumulatively stored in the memory 18. The 5 
memory controller 1 7 notifies the controller 20 of the re- 
sult of determination. In other words, based on the result 
of determination from the memory controller 1 7, the con- 
troller 20 performs the determination in step S14. Al- 
though this embodiment stores, in the merrroTy- , 18 > audio 
data obtained by encoding and compressing the audio 
signal, the audio signal may be directly stored as audio 
data in the memory 1 8 without being encoded and com- 
pressed. In addition, uncompressed audio data can be 
recorded. 

[0075] Fig. 6 shows a relationship between the accu- 
mulative amount (accumulative data amount) La of au- 
dio data A stored in the memory 18 and time (playback 
period). On the right side of Fig. 6, each set of small 
arrows (indicating the distance between horizontal dot- 
ted lines) indicating upper and lower directions indicates 
the amount Su of data in a sector. The dotted line Lv 
shown in Fig. 6 indicates the accumulative amount (ac- 
cumulative data amount) Lv (indicated by the solid line 
in Fig. 9 described later) of video data V stored in the 
memory 18. In Fig. 6, the accumulative amount La of 
audio data A is indicated by a straight line, thus repre- 
senting a fixed data rate of audio data A. Audio data A 
may have a variable data rate. 

[0076] Referring to Fig. 6, for example, the required 
amount of audio data A for playback in the period T sa x 
N a when N a = 1 is ANV. In step S14 when N a = 1, when 
audio data A having accumulative data amount AN1 1 is 
stored in the memory 18 : the controller 20 determines 
that audio data A for playback in the period T sa x N a is 
stored in the memory 18, and proceeds to step S15. 
[0077] In step S15, the controller 20 controls the 
memory controller 17 to extract, from audio data A 
stored in the memory 1 8, the maximum amount of audio 
data A readable from the memory 1 8 in a form in which 
audio data A is read in the temporal order of inputting 
pieces of audio data A. The maximum amount of audio 
data A readable from the memory 18 is the amount of 
data represented by an integral multiple of (n times) the 
amount Su of data in a physical recording/playback unit 
(physical unit area) formed on the optical disk 11, for 
example, one sector. After that, the controller. 20 pro- 
ceeds to step Si 6. Audio annual-ring data, read (from 
the memory 1 8) as the maximum amount of audio data 
A readable from the memory 1 8 which is the amount of 
data represented by an integral multiple of the amount 
of data in one sector, is the above-described latest audio 
annual-ring data prior to playback time T^ x N a . 
[0078] In Fig. 6, at time 1 x T^, the memory 1 8 stores 
at least the amount ANV of audio data A. The amount 
ANV is greater than the amount of data in one sector 
but is less than the amount of data in two sectors. Thus, 
in step S15, from the memory 18, audio data A having 



the amount AN1 , which is the amount Su of data in one 
sector, is extracted as audio annual- ring data of interest. 
[0079] Audio data that has not been read in step S1 5, 
that is, at time 1 x T sa in Fig. 6, audio data A having the 
amount Aa1 of data less than the amount Su of data in 
one sector, remains unchanged in the memory 18. 
[0080] Referring back to Fig. 5, in step S15, the con- 
troller 20 supplies, from the memory controller 1 7 to the 
signal processor 16, the audio annual-ring data of inter- 
est having an amount of data which is an integral mul- 
tiple of the amount of data in one sector, whereby re- 
cording control is performed so that audio annual-ring 
data having an amount of data which is an integral mul- 
tiple of the amount of data in one sector is recorded in 
the number of sectors represented by the multiple. 
[0081] At time 1 x T sa , audio data A having the 
amount Su of data in one sector is supplied as audio 
annual-ring data of interest from the memory controller 
1 7 to the signal processor 1 6. The audio annual-ring da- 
ta of interest corresponding to the amount Su of data in 
one sector is supplied to the pickup 13, and is recorded 
in sector #1 of the sectors of the optical disk 11 so that 
the boundaries of audio annual-ring data can match the 
boundaries of sector #1 , as shown in Fig. 7. 
[0082] For brevity of description , it is assumed that the 
optical disk 11 has physically sequential free areas hav- 
ing sufficiently large size. Also, when it is assumed that 
reading/writing of data on the optical disk 11 is per- 
formed, for example, in the direction from inner to outer 
circumference, data items are consecutively written 
from the inner to outer circumference of the free area in 
the order of data items supplied from the memory con- 
troller 1 7 to the signal processor 1 6. 
[0083] After control of recording the audio annual-ring 
data of interest is performed, as described above, in 
step S16, the controller 20 proceeds to step S17 and 
increments variable N a by 1 . The controller 20 returns 
to step S12 and executes the subsequent processing. 
[0084] In stepS13, if the controller 20 has determined 
that audio data A is supplied to the memory 18, that is, 
when the supply of audio data A from the data converter 
19 to the memory controller 1 7 stops, the controller 20 
proceeds to step S1 8. In step S1 8, the controller 20 con- 
trols the memory controller 17 to read all the remaining 
audio data A from the memory 1 8 and to add padding 
data to the read data so that its amount is the minimum 
amount of data which is an integral multiple of the 
amount of data in one sector. This forms the audio data 
A read from the memory 18 into audio annual-ring data 
having an amount of data which is ah integral multiple 
of the amount of data in one sector. The controller 20 
also controls the memory controller 1 7 to supply the au- 
dio annual-ring data to the signal processor 1 6, thereby 
controlling recording so that the audio annual-ring data 
having an amount of data which is an integral multiple 
of the amount of data in one sector can be recorded in 
the corresponding number of sectors. 
[0085] After that, proceeding to step S1 9, the control- 
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ler 20 sets a value (extremely large value) correspond- 
ing to Infinity, as variable N a? and stops the audio-data 
recording task. 

[0086] Although the above case uses sectors as the 
physical unit areas of the optical disk 11 , for example, 5 
error-correcling-code (ECC) blocks in which ECC 
processing is performed on unit data may be used as 
the physical unit areas of the optical disk 1 1 . In addition, 
for example, a fixed number of sectors and a fixed 
number of ECC blocks may-be used as the physical unit 10 
areas of the optical disk 11 . 

[0087] The ECC processing is performed, for exam- 
ple, in the signal processor 1 6 in units of ECC blocks. A 
sector can be constituted by one or more ECC blocks. 
Alternatively, at least one ECC block can be used. 15 
[0088] In the following description, one sector is used 
as a physical unit area. In the case of assuming that one 
sector forms one ECC block, if a sector or an ECC block 
is used as a physical unit area, the result of recording 
data on the optical disk 11 in either case is identical. 20 
[0089] Next, the video-data recording task started in 
step S4 in Fig. 4 is described below with reference to 
the flowchart in Fig. 8. 

[0090] When the video-data recording task starts, at 
first, in step S21 , the controller 20 initializes variable N v 25 
to, for example, 1 . Variable N v is incremented by 1 in 
step S27 (described later). The controller 20 proceeds 
tostepS22. 

[0091] In step S22, the controller 20 determines 
whether T sv x N v is less than x N a . 30 
[0092] As described above concerning the audio-data 
recording task, T sa x N a corresponds to the latest play- 
back time of audio annual-ring data to be recorded on 
the optical disk 11 in the case of recording audio data in 
units of each audio annual-ring size T^, and T sv x N v 35 
corresponds to the latest playback time of video annual- 
ring data to be recorded on the optical disk 11 in the 
case of recording video data in units of each video an- 
nual-ring size T sv . 

[0093] Here, it is assumed that audio annual-ring data 40 
and video annual-ring data at similar playback times are 
periodically disposed in a predetermined pattern so as 
to be recorded in close positions on the optical disk 11 , 
and it is assumed that audio annual-ring data and video 
annual-ring data at similar playback times are recorded 45 
so that the audio annual-ring data is firstly disposed and 
the video annual-ring data is subsequently disposed. 
When video annual-ring data to be recorded is referred 
to as "video annual-ring data of interest", the video an- 
nual-ring data of interest is video annual-ring data in the so 
latest (closest to playback time T sv x N v ) playback time 
prior to playback timeT sv x N v . The video annual-ring 
data of interest must be recorded just after recording the 
video annual-ring data in the latest playback time prior 
to playback time T sa x N a . Therefore, the video annual- 55 
ring data of interest must be recorded with timing in 
which the playback time T sv x N v of the video annual- 
ring data is less than the playback time T sa x N a of the 



video annual-ring data. 

[0094] Accordingly, in step S22, as described above, 
the controller 20 determines whether the playback time 
T sv x N v of the video annual-ring data is less than the 
playback time T^ x N a of the video annual-ring data. 
This determines whether the present time is used as tim- 
ing with which recording of the video annual-ring data 
of interest should be performed. 

[0095] In step S22, if the controller 20 has determined 
that the playback time T sv x N v of the video annual-ring— - 
data is not less than the playback time T sa x N a of the 
video annual-ring data, that is, when the present time is 
not used as timing with which recording of. the video an- 
nual-ring data of interest should be performed; the con- 
troller 20 returns to step S22 and repeats subsequent 
processing. 

[0096] In step S22, if the controller 20 has determined 
that the playback time T^ x N v of the video annual-ring 
data is less than the playback timeT sa x N a of the video 
annual-ring data, that is, when the present time is used 
as timing with which recording of the video annual-ring 
data of interest should be performed, the controller 20 
proceeds to step S23 and determines whether video da- 
ta V is supplied from the data converter 1 9 to the mem- 
ory 1 8 through the memory controller 1 7. If the controller 
20 has determined that video data V is supplied, it pro- 
ceeds to step S24. 

[0097] In step S24, the controller 20 determines 
whether the memory 1 8 accumulatively stores the video 
data V required for playback in the period T^ x N v . If 
the controller 20 has determined that the memory 18 
does not store the required video data V yet, it returns 
to step S22 and repeats the subsequent processing. In 
step S24, if the controller 20 has determined that the 
memory 1 8 stores the required video data V, the con- 
troller 20 proceeds to step S25. 

[0098] When the data-amount detector 42 in the data 
converter 1 9 detects the accumulative video signal re- 
quired for playback in the period T sv x N v , it notifies the 
memory controller 1 7 of the detection. Based on this no- 
tification, the memory controller 17 determines whether 
the video data V required for playback in the period T sv 
x N v is accumulatively stored in the memory 18. The 
memory controller 1 7 notifies the controller 20 of the re- 
sult of determination. In other words, based on the result 
of determination from the memory controller 1 7, the con- 
troller 20 performs the determination in step S24. Al- 
though this embodiment stores, in the memory 18, video 
data obtained by encoding and compressing the video 
signal, the video signal may be directly stored as video 
data in the memory 1 8 without being encoded and com- 
pressed. In addition, uncompressed video data can be 
recorded. 

[0099] Fig. 9 shows a relationship between the accu- 
mulative amount (accumulative data amount) La of vid- 
eo data V stored in the memory 18 and time (playback 
period). Similarly to the case of Fig. 6, on the right side 
of Fig. 9, each set of small arrows (indicating the dis- 
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tance between horizontal dotted lines) indicating upper 
and lower directions indicates the amount Su of data in 
a sector. In Fig. 9, the dotted line La indicates the 
amount La of audio data A stored in the memory 18, 
which is indicated by the solid line in Fig. 6. 
[0100] In Fig. .9, for example, the required amount of 
video data V for playback in the period T sv x N v (= 1) 
when N v = 1 is VN1\ Accordingly, in step S24 when N v 
= 1, when video data V having accumulative amount 
VNY is stored in the memory 18, the controller 20 de- 
termines that video data V for the playback period T sv 
x N v is stored in the memory 18, and proceeds to step 
S25. 

[0101] In step S25, the controller 20 controls the 
memory controller 17 to extract, from video data V 
stored in the memory 1 8, the maximum amount of video 
data V readable from the memory 18 in a form in which 
video data V is read in the temporal order of inputting 
pieces of video data V. The maximum amount of video 
data V readable from the memory 18 is the amount of 
data represented by an integral multiple of (n times) the 
amount Su of data in a physical recording/playback unit 
(physical unit area) formed on the optical disk 11, for 
example, one sector. After that, the controller 20 pro- 
ceeds to step S26. Video annual-ring data, read (from 
the memory 1 8) as the maximum amount of video data 
V readable from the memory 1 8 which is the amount of 
data represented by an integral multiple of the amount 
of data in one sector, is the above-described latest video 
annual-ring data prior to playback time x N v . 
[0102] In Fig. 9, at time 1 x T w , the memory 18 stores 
at least the amount VNV of video data V. The amount 
VN1 ' of video data V is greater than the amount of data 
in four sectors but is less than the amount of data in five 
sectors. Thus, in step S25, video data V having the 
amount VN1 which is the amount of data in four sectors 
is extracted as video annual-ring data of interest. 
[0103] Video data unread in step S25, that is, the 
amount Va1 of video data V that does not satisfy the 
amount Su of one sector at time 1 x T^ in Fig. 9, re- 
mains unchanged in the memory 18. 
[0104] Referring back to Fig. 8, in step S26, the con- 
troller 20 controls the memory controller 1 7 to supply the 
signal processor 16 with the amount of video annual- 
ring data which is an integral multiple of the amount of 
data in one sector. This controls recording so that the 
amount of video annual-ring data which is an integral 
multiple of the amount of data in one sector can be re- 
corded in the number of sectors represented by the mu I- 
tiple. 

[0105] Here, at 1 x T sv in Fig. 9, the video data V hav- 
ing the amount Su of data in four sectors is supplied as 
video annual-ring data of interest from the memory con- 
troller 17 to the signal processor 1 6. The video annual- 
ring data of interest having the amount Su of data in four 
sectors is supplied to the pickup 13 and is recorded in 
four sectors #2, #3, #4, and #5 on the optical disk 11 so 
that the boundaries of the video annual-ring data match 



the boundaries (the head boundary of sector #2 and the 
end boundary of sector #5) of the areas of sectors #2, 
#3, #4, and #5. 

[0106] In other words, for brevity of description, in the 

5 case of assuming that audio annual-ring size T^ and 
video annual-ring size T sv are equal lo each other, after 
the audio-data. recording task in Fig. 5 and the video- 
data recording task in Fig. 8 start, when N a = N v = 1 , the 
latest audio annual-ring data prior to playback time T sa 

16 x N a is recorded irt sector #1 , as shown in Fig. 7. The 
recording of the audio annual-ring data in sector #1 in- 
crements variable N a by 1 in step S1 7 in the audio-data 
recording task in Fig. 5, so that N a = 2. At this time, var- 
iable N v still remains as 1 . Accordingly, playback time 

15 T sa x N v is less than playback time T sa xN a . Asa result, 
in the video-data recording task in Fig. 8, in step S26, 
the latest video annual-ring data prior to playback time 
T sa x N v is recorded in sectors #2 to #5. 
[0107] As described above, in this case, on the optical 

26 disk 11 , data is consecutively recorded from the inner to 
outer circumference of the free area in the order of the 
data supplied from the memory controller 17 to the sig- 
nal processor 16. Thus, the video annual-ring data in 
four sectors, which is the latest video annual-ring data 

25 prior to playback time T^ x N v , starts from sector #2 
just after sector #1 in which the audio annual-ring data 
is. recorded just before recording the video annual-ring 
data, and is recorded in sectors #2 to #5, as shown in 
Fig. 7. 

30 [0108] Therefore, the audio annual-ring data and vid- 
eo annual-ring data obtained when N a = N v = 1 , that is, 
the latest video annual-ring data prior to playback time 
T sa x N a and tne 'atest video annual-ring data prior to 
playback time T^ x N v equal to T^ x N a: in other words, 

35 audio annual-ring data and video annual-ring data at 
close playback times are recorded in adjacent positions 
on the optical disk 11. 

[0109] After recording of the video annual-ring data of 
interest is controlled in the above-described step S26, 

40 the controller 20 proceeds to step S27 and increments 
variable N v by 1 . After that, the controller 20 returns to 
step S22 and repeats the subsequent processing. 
[0110] In step S23, if the controller 20 has determined 
that video data V is not supplied to the memory 1 8, that 

45 is, when the supply of video data V from the data con- 
verter 1 9 to the memory controller 1 7 stops, the control- 
ler 20 proceeds to step S28. In step S28, the controller 
20 controls the memory controller 1 7 to read all the video 
data V remaining in the memory 18 and to add padding 

50 data to video data V so that the amount of video data V 
is the least multiple of the amount of data in one sector. 
This forms the video data V read from the memory 18 
to video annual-ring data having an amount which is an 
integral multiple of the amount of data in one sector. The 

55 controller 20 controls the memory controller 1 7 to supply 
the video annual-ring data to the signal processor 16, 
thereby controlling recording so that the video annual- 
ring data having the amount which is an integral multiple 
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of the amount of data in one sector is recorded in the 
number of sectors represented by the multiple. 
[0111] After that, the controller 20 proceeds to step 
S29, and sets a value corresponding to infinity as vari- 
able N v and stops the video-data recording task. s 
[0112] Next, the audio-dala recording task in Fig. 5 
and the video-data recording task in Fig. 8 are described 
below again, using the case of N a = N v = 2. Also, in the 
following description, for brevity of description, it is as- 
sumed that audio annual-ring size T sa and video annual- *o 
ring data T sv are at the same time. 
[01 1 3] Since audio annual-ring size T sa and video an- 
nual-ring data "1"^ are equal to each other in this case, 
when N a = N v = 2, the controller 20 determines in step 
S12 in Fig. 5 that playback time x N a is equal to or 15 
less than playback time T sv x N V! it proceeds to step 

51 3, When N a = N v = 2, playback timeT sa x N a and 

x N v are equal to each other. Thus, playback time T sa 
x N a is equal to or less than playback time T sa x N v but 
is not less than playback time T sa x N a . Accordingly, 20 
when N a = N v = 2, in step S22 in Fig. 8, the controller 
20 determines that playback time T sv x N v is not less 
than playback timeT^ x N a . The controller 20 repeat- 
edly returns to step S22. 

[01 1 4] When the controller 20 determines in step S1 2 25 
in Fig. 5 that playback time T sa x N a is equal to or less 
than T sv x N v , and proceeds to step S13, if the supply 
of audio data A to the memory 1 8 continues to be per- 
formed, the controller 20 proceeds from step S1 3 to step 

514, and determines whether the memory 1 8 accumu- 30 
latively stores the audio data A required for playback in 
period T sa x N a (= 2). If the controller 20 has determined 
affirmatively s the controller 20 proceeds to step S15. 
[0115] In the case shown in Fig. 6 : the amount of the 
audio data A required for playback in period T^ x 2. 35 
Thus, when the memory 18 accumulatively stores the 
amount AN2' of audio data A : the controller 20 proceeds 
from step S14 to S15: 

[01 16] In step S1 5, the memory 1 8 stores at least the 
unread audio data A (the amount Aa1 of audio data A *o 
in the case in Fig. 6) in step S1 5 when N a = 1 , and audio 
data A supplied to the memory 1 8 after step S1 5 when 
N a = 1 to the present. Thus, from the stored audio data 
A, audio data A having an amount of data which is the 
maximum multiple of the amount of data in one sector 45 
is extracted as audio annual-ring data of interest. 
[0117] In other words, for example, in the case shown 
in Fig. 6, at time x 2. the memory 18 stores audio 
data A having an amount of data which is not less than 
the amount of data in two sectors and which is less than so 
the amount of data in three sectors. Accordingly, in step 

515, from the stored audio data A, audio data A having 
the amount AN2 (= 2 x Su) of data in two sectors which 
is the maximum multiple of the amount of data in one 
sector is extracted as audio annual-ring data of interest. 55 
In Fig. 6 : at time 2 x T M1 the amount of the audio data 

A stored in the memory 18 is equal to the amount AN2 
of data in two sectors. Accordingly, after extracting the 



amount AN2 of data in two sectors, no audio data A re- 
mains in the memory 18. 

[0118] In step S16, the audio annual-ring data of in- 
terest having the amount AN2 of data in two sectors is 
supplied from the memory, controller 17 to the signal 
processor 16. The audio annual-ring data of inleresl 
having the amount AN2 of data in two sectors is supplied 
to the pickup 1 3 and is recorded from a sector adjacently 
subsequent to a sector in which data is recorded just 
-teefore the recording of the audio annual-ring data of in- 
terest. 

[0119] In other words, in the above case, as described 
with reference to Fig. 7, just before the audio annual- 
ring data of interest having the amount AN2 of data in 
two sectors, the video annual-ring data is recorded in 
sectors #2 to #5. Accordingly, the audio annual-ring data 
of interest having the amount AN2 of data in two sectors 
is recorded from sector #6 just after sector #5. Specifi- 
cally, as shown in Fig. 7, as shown in Fig. 7 ; the audio 
annual-ring data of interest having the amount AN2 of 
data in two sectors is recorded in two sectors #6 and #7 
so that the boundaries of the audio annual-ring data 
match the boundaries of sectors #6 and #7 on the optical 
disk 11. 

[0120] After the audio annual-ring data of interest is 
recorded, in the audio-data recording task in Fig. 5 : in 
step S1 7, variable N a is incremented by 1 , so that vari- 
able N a whose value is 2 is changed to 3. 
[0121] Therefore, N a = 3andN v = 2. In this case, play- 
back time T sy x N v is less than playback time T sa x N a . 
Thus, in the video-data recording task in Fig. 8, in step 
S22, the controller 20 determines that playback time T^ 
x N v is less than playback time T sa x N a , it proceeds 
to step S23. 

[0122] In step S22 in Fig. 8, in a case in which the 
controller 20 has determined that playback time T sv x 
N v is less than playback time T sa x N a , and proceeds 
to step S23, when the supply of video data V to the mem- 
ory 1 8 is continuously performed, the controller 20 pro- 
ceeds from step S23 to S24, and determines whether 
the memory 18 accumulatively store the video data V 
required for playback in period T sv x N v 2). If the con- 
troller 20 has determined affirmatively, it proceeds to 
step S25. 

[0123] In the case shown in Fig. 9, the amount of video 
data V required for playback in period T sv x 2 is VN2*. 
Accordingly, when the memory 1 8 accumulatively stores 
the amount VN2* of video data V, the controller 20 pro- 
ceeds from step S24 to S25. 

[0124] At this time, the memory 1 8 stores at feast un- 
read video data V (the amount Va1 of video data V in 
the case shown in Fig. 9) in step S25 when N v = 1 , and 
the video data V supplied after step S25 when N v = 1 to 
the present. From the stored video data V, video data V 
having an amount of data which is the maximum multiple 
of the amount of data in one sector is extracted as video 
annual-ring data of interest. 

[0125] In other words, for example, in the case in Fig. 
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9, at time T sv x 2, the memory 18 stores video data V 
having an amount which is not less than the amount of 
data in two sectors and is less than the amount of data 
in three sectors. Accordingly, in step S25, from the video 
data V stored in the memory 1 8, video data V having the 
amount VN2 (= 2 x Su) of data in two sectors which is 
the maximum multiple of the amount of data in one sec- 
tor is extracted as video annual-ring data of interest. In 
Fig. 9, at time 2 x T^, the amount of the video data V 
stored in the memory V&isxjreaterthan the amount VN2 
of data in two sectors. Accordingly, after the amount 
VN2 of data in two sectors is extracted, video data V 
having the amount Voc2 of data remains in the memory 
18. 

[0126] The video annual-ring data of interest having 
the amount VN2 of data in two sectors is supplied from 
the memory controller 17 to the signal processor 16 in 
step S26. The video annual-ring data of interest having 
the amount VN2 of data in two sectors is supplied to the 
pickup 13, and is recorded in a sector adjacently sub- 
sequent to a sector in which data is recorded just before 
the recording of the video annual-ring data of interest. 
[01 27] In the above case, as described with reference 
to Fig. 7, just before the video annual-ring data of inter- 
est having the amount AN2 of data in two sectors, the 
video annual-ring data is recorded in sectors #6 and #7. 
Accordingly, the video annual-ring data. of interest hav- 
ing the amount AN2 of data in two sectors is recorded 
from a sector adjacently subsequent to sector #7. 
[0128] After the video annual-ring data of interest is 
recorded, in<the video-data recording task in Fig. 8, var- 
iable N v is incremented by 1 in step S27, so that variable 
N v whose value is 2 is changed to 3, which is identical 
to variable N a . 

[0129] After that, the audio-data recording task and 
the video-data recording task are similarly performed, 
whereby audio data A and video data V are recorded on 
the optical disk 11 . Accordingly, when audio annual-ring 
size T.-3 and video annual-ring size T sv represent the 
same time, audio annual-ring data which is a set of piec- 
es of audio data A and video annual-ring data which is 
a set of pieces of video data V at similar playback times 
are sequentially recorded so as to be disposed in adja- 
cent positions on the optical disk 11 , as shown in Fig. 
10. In other words, in this case, audio annual-ring data 
and video annual-ring data atsimilartimes are alternate- 
ly recorded on the optical disk 11 . 
[0130] Fig. 10 is a schematic illustration of tracks of 
the optical disk 11 on which audio data and video data 
are recorded, as described above. In Fig. 10 (similarly 
in Fig. 11 described later), the recorded portions of the 
audio data are indicated by shadings, and the recorded 
portions of the video data are indicated by blanks. 
[0131] As can be understood from Fig. 10, the video 
data and the audio data are recorded on the optical disk 
11 in such a form that annual rings are formed. Accord- 
ingly, a set of pieces of audio data and a set of pieces 
of video data which are recorded on the optical disk 1 1 



are referred to as audio "annual-ring" data and video 
"annual-ring" data, respectively. This similarly applies to 
low-resolution data and meta annual-ring data, which 
are described later. In the following description, a set of 

5 pieces of data in a data series which is recorded on the 
optical disk 11 in such a form that annual rings are 
formed is referred to as "annual-ring data". 
[01 32] Each width (on how many tracks a piece of au- 
dio annual-ring data or video annual-ring data is record- 

10 ed) of annual rings formed on the optical disk 11 is de^. * 
termined by audio annual-ring size T sa and video annu- 
al-ring size T sv . The audio annual-ring size T^ and the 
video annual-ring size T sv can be changed in accord- 
ance with a radius position on the optical disk 11 in which 

*5 the audio annual-ring data and the video annual-ring da- 
ta are recorded. A track on which a piece of audio an- 
nual-ring data and a piece of video annual-ring data may 
not reach a circumference, depending on audio annual- 
ring size ^ and video annual-ring size T sv . 

20 [0133] As described above, audio annual-ring data 
and video annual-ring data at similar times are recorded 
in close positions on the optical disk 11 . Thus, from the 
optical disk 11 , audio data and video data at the same 
playback time can be rapidly read and played back. 

25 [0134] In addition, audio data and video data are treat- 
ed as annual-ring data for the amount of data in a plu- 
rality of sectors, and in the sectors, both are recorded 
so that the boundaries of the annual-ring data match the 
boundaries of the sectors. Thus, only either the audio 

30 data or the video data can be read, thus enabling rapid 
of editing of only either the audio data or the video data. 
[01 35] In the above case, video data V and video data 
V which have an amount of data equal to or less than 
the amount of data in one sector are alternately record - 

35 ed on the optical disk 1 1 in a consecutive form in which 
both are collectively treated in one or more sectors. 
Thus, the number of times seeking is performed which 
is indicated by each dotted arrow in Fig. 11 can be re- 
duced compared with a case in which small video data 

40 V and video data V are disposed in mixed form in a sec- 
tor as conventional. Reducing the number of times seek- 
ing is performed is that a substantial rate of reading data 
from the optical disk 11 can be increased by the reduc- 
tion. As a result, in the playback mode, data read from 

45 the optical disk 1 1 can be sufficiently stored in the mem- 
ory 1 8. This can prevent playback from being interrupted 
due to underflow of the memory 18 caused by the oc- 
currence of seeking. In addition, when data reading from 
the optical disk 11 fails, an interruption of playback can 

50 be prevented, even if reading of data having failed to be 
read is retried, because sufficient data is stored in the 
memory 18. 

Moreover, power consumption can be saved by a reduc- 
tion in the number of times seeking is performed. 
55 [0136] A case in which the disk recording/playback 
apparatus 10 records data on the optical disk 11 has 
been described in so far. However, the present invention 
can be widely applied also to a type of the optical disk 
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1 1 on which at least some data items or some data se- 
ries are recorded by cutting, as described in Fig. 7, 10, 
11, 12, or 27, that is, an optical disk including a ROM 
area containing some data items or some data series. 
[01 37] By providing the above optical disk, a playback s 
apparatus can have an advantage in thai the number of 
. limes seeking is performed is reduced, etc. In particular, 
also in the case of playback by using nondestructive ed- 
iting based on an editing list, a substantial data-reading 
rate increases, thus enabling video data and audio data 10 
to be played back without being interrupted. In addition, 
the above optical disk is suitable for playing back only 
video data or audio data. 

[0138] Although a case in which audio data A or video 
data V in encoded and compressed form is stored in the is 
memory 18 has been described, audio data A or video 
data V can be stored in the memory 18 without being 
encoded and compressed. . 

[0139] Although a case in which video data V and au- 
dio data A are disposed on spiral tracks has been de- 20 
scribed, as shown in Fig. 12, both can be alternately dis- 
posed on concentric tracks. In this case, the tracks are 
arranged so that each inner circumferential track con- 
nects to an adjacent outer circumferential track. How- 
ever, each outer circumferential track may connect to 25 
an adjacent inner circumferential track. 
[0140] For example, when it is assumed that audio an- 
nual-ring size T sa and video annual-ring size T sv are at 
the same playback time, according to the video-data re- 
cording task in the flowchart in Fig. 8, the transfer of the 30 
video annual-ring to the signal processor 16, which is 
performed in step S26 when N v = 1 , is performed when 
variable N a is incremented from 1 to 2 in step S1 7 after 
the transfer of the video annual-ring data to the signal 
processor 1 6 is performed when N a = 1 . 35 
[0141] Fig. 1 3 shows the accumulative amount La of 
audio data A and the accumulative amount Lv of video 
data V which are stored in the memory 18 in the mode 
of data recording onto the optical disk 1 1 , and the accu- 
mulative amount La 1 of audio data A and the accumula- 40 
tive amount Lv* of video data V which are read from the 
memory 18 in the mode of data reading from the optical 
disk 11. 

[0142] As described above, the transfer of the video 
annual-ring data to the signal processor 1 6, which is per- 45 
formed in step S26 when N v = 1 , is performed after the 
transfer of the audio annual-ring data to the signal proc- 
essor 16 is performed in step S16 when N a = 1 . In other 
words, for example, it is assumed that video data V and 
audio data A associated with the video data V are simul- so 
taneously output from the data converter 1 9 to the mem- 
ory controller 17. When the same time represented by 
audio annual-ring size T sa and video annual-ring size 
T sv is represented by t n , playback time t n1 when N a = N v 
= 1 can be represented by 1 x t n . In this case, at play- 55 
back time t n1 , the audio annual-ring data is transferred 
to the signal processor 16, and after the transfer ends, 
the transfer of the video annual-ring data to the signal 



processor 16 starts. Even after playback time t n1 , audio 
data A and video data V which are supplied from the 
data converter 1 9 to the memory controller 1 7 are con- 
tinuously performed. Thus, at the start of the transfer of 
the video annual-ring data to the signal processor 16 
which is performed after the transfer of the audio annual- 
ring data to the signal processor 16, the amount M1 of 
video data V which is more than that of video data V at 
playback time t n1 is stored in the memory 18. 
[0143] Also, at the start of the transfer ^f the. video 
annual-ring data to the signal processor 1 6 which is per : 
formed at playback time t^ (= 2 x t n ) when N a = N v = 2 
after the transfer of the audio annual-ring data to the 
signal processor 16, the amount M 2 of video data V 
which is more than that of video data V at playback time 
t n2 is similarly stored in the memory 18. 
[0144] Therefore, despite a state in which, at a play- 
back period, the memory 18 stores a sufficient amount 
of video data V that can be transferred to the signal proc- 
essor 16, the video data V that is not transferred at the 
playback time is also stored in the memory 1 8. After that, 
the video data V is transferred. This indicates that the 
memory 1 8 stores, so to speak, unnecessary video data 
V, and the storage capacity of the memory 1 8 is unnec- 
essarily consumed. 

[0145] Accordingly, for example, when the data rate 
(gradients La and La' in Fig. 1 3) of audio data A is fixed, 
the period required for writing/reading a certain amount 
of audio data A on the memory 18 can be found. Thus, 
in view of the period, as shown in Fig. 14, in order that, 
for example, at playback time t n1 at which audio data A 
for playback period t n (= is actually stored in the 
memory 1 8, the transfer of the audio data A to the signal 
processor 1 6 may be completed, the transfer of the au- 
dio data A can be started period Tr earlier. In this case, 
the memory 18 simply needs to store the amount m^ of 
video data V which is less than the amount nr^ . 
[0146] Fig. 14 shows the accumulative amount La of 
audio data A and accumulative amount Lv of video data 
V stored in the memory 18, and the accumulative 
amount La* of audio data A and accumulative amount 
Lv' of video data V read from the memory 18, in which 
the accumulative amounts are obtained when the trans- 
fer of audio data A is started period T r earlier compared 
with the case in Fig. 13. 

[0147] Also, in the case of N a = N v = 2, similarly, it is 
only necessary to store, in the memory 18, the amount 
M 12 of video data V which is less than the amount M 2 of 
data. In addition, in a case in which N a and N v are inte- 
gers more than 2, similarly, it is only necessary to store, 
in the memory 1 8, a less amount of video data V. 
[0148] As described above, by hastening the start of 
the transfer of audio data A to the signal processor 16, 
more free areas can be set in the memory 18. In this 
case, error recovery ability in the recording mode can 
be enhanced. 

[0149] In other words, for example, when recording 
on the optical disk 1 1 of the audio data A and video data 
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V transferred from the memory 1 8 to the signal proces- 
sor 1 6 fails, the recording must be performed again. Also 
while the re- recording is being performed, audio data A 
and video data V are supplied and stored in the memory 
18. 

Accordingly, by setting more free "areas in the memory 
18, the memory 18 can be prevented from overflowing 
by the audio data A and video data V supplied to the 
memory 18 while the re-recording is being performed. 
[0150] When the video data V has a variable rate, the 
amount of video data V differs depending on each 
frame. When it is assumed that a transfer rate from the 
data converter 1 9 to the memory 1 8 through the memory 
controller 1 7 is constant, the accumulative amount Lv of 
video data V stored in the memory 1 8 changes in steps, 
for example, as shown in Fig. 15. In Fig. 15, the gradi- 
ents of upwardly left-to-right sloping linear portions of 
the solid line indicating the accumulative amount Ly re- 
spectively correspond to transfer rates from the data 
converter 19 to the memory 1 8. The continuous length 
(period) of each upwardly left-to-right sloping linear por- 
tion depends on the amount of video data V. In other 
words, the continuous length of each upwardly left-to- 
right sloping linear portion is large for a frame having a 
more amount of data, and is conversely small for a frame 
having a less amount of data. As a result, the accumu- 
lative amount Lv of video data V is expressed by a curve 
from, so to speak, a macroscopic viewpoint. 
[0151] Although a case in which video data V is re- 
corded after audio data A is recorded has been de- 
scribed, audio data A can be recorded after video data 

V is recorded. 

[0152] Fig. 16 is another block diagram of the data 
converter 1 9 in Fig. 2. In Fig. 1 6, portions corresponding 
to those in Fig. 3 are denoted by identical reference nu- 
merals, and descriptions thereof are omitted if needed. 
Specifically, the data converter 1 9 in Fig. 16 is basically 
identical to that in Fig. 3, except for a difference in that 
it further, includes a meta-data processor 51 , a low-res- 
olution-data generator 52, a meta-data processor 53, 
and a low-resolution-data generator 54. 
[0153] In the structure of the data converter 1 9 in Fig. 
3, the demultiplexer 41 separates, from the signal sup- 
plied from the signal input/output device 31 , as a plural- 
ity of related data series, for example, a video signal and 
an audio signal associated with the video signal. Unlike 
this structure, in the structure in Fig. 1 6, the demultiplex- 
er 41 separates, from the signal supplied from the signal 
input/output device 31 , as a plurality of related data se- 
ries, for example, not only a video signal and an audio 
signal associated with the video signal, but also meta 
data concerning the video signal. 
[0154] In other words, in the mode of data recording 
to the optical disk 11 , the signal input/output device 31 
outputs , a signal obtained by a video camera (not 
shown), as described above. The signal obtainable by 
this video camera can include not only a video signal 
and an audio signal associated with the video signal 



which are obtained by capturing pictures of a subject, 
but also meta data concerning the video signal. In the 
structure in Fig. 16, from the signals, the demultiplexer 
41 also separates the meta data, other than the video 

5 signal and the audio signal. 

[0155] The meta data includes lime codes assigned 
to the video signal for frames, unique material identifiers 
(UMIDs), global positioning system (GPS) information 
representing a position of capturing by the video cam- 

■io era^atiate and time (year, month, day, hours, minutes, 
and seconds), Association of Radio Industries and Busi- 
nesses (ARIB) information, and setting/control informa- 
tion of the video camera in use. The ARIB meta data is 
meta data standardized meta in the ARIB which is used 

15 for superimposition in a communication interface such 
as a serial digital interface (SDI). The setting/control in- 
formation of the video camera in use includes, for ex- 
ample, an iris control value, white-balance/black-bal- 
ance modes, and lens information concerning lens 

20 zooming and focusing, etc. 

[0156] The video signal, audio signal, and meta data 
obtained by the demultiplexer 41 are supplied to the da- 
ta-amount detector 42. The data-amount detector 42 
supplies the video signal, audio signal, and meta data 

25 supplied from the demultiplexer41 to a video signal con- 
verter 43, a audio signal converter 44, and the meta- 
data processor 51, respectively The data-amount de- 
tector 42 also detects the amounts of the video signal, 
audio signal, and meta data, and supplies the detected 

30 amounts to the memory controller 17. In other words, 
the data-amount detector 42 detects, for example, the 
amounts in a predetermined playback period of the vid- 
eo signal, audio signal, and meta data supplied from the 
demultiplexer 41 , and supplies the detected amounts to 

35 the memory controller 17. 

[0157] The data-amount detector 42 also supplies the 
low-resolution-data generator 52 with the video signal 
supplied from the demultiplexer 41 , and the audio sig- 
nal, if needed. 

40 [0158] The meta-data processor 51 rearranges the 
components (a time code, a date and time of picture 
capturing, etc.) of the meta data supplied through the 
data -amount detector 42 to generate a data series of 
meta data, if needed, and supplies the data series to the 

45 memory controller 17. 

[0159] The low-resolution -data generator 52 gener- 
ates a data series of low-resolution data obtained by re- 
ducing the amount of the supplied data, and supplies 
the data series to the memory controller 1 7. 

50 [0160] Specifically, by performing processing (such 
as reducing the number of pixels) on each frame repre- 
sented by the video signal supplied through the data- 
amount detector 42, the low-resolution-data generator 
52 generates a reduced video signal that is a video sig- 

55 nal representing the frame having a reduced number of 
pixels. The low-resolution -data generator 52 encodes 
the reduced video signal, for example, by MPEG-4, and 
outputs the encoded signal as low-resolution data; 
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[01 61 ] The low-resolution-data generator 52 can out- 
put an audio signal obtained by performing processing 
(such as reduction) on the audio signal supplied through 
the data-amount detector 42 or samples of the audio sig- . 
nal 5 with the output audio signal included in the low-res- s 
oluiion data (e.g., in a form in which the output audio 
signal is multiplexed, for example, in units of frames). 
[0162] In the above case, a data series of the video 
data output by the video signal converter 43, the audio 
data output by the audio signal con vert eWte, and the 
data series of the low-resolution data output by the low- 
rcsolution-data generator 52 are data series of the video 
and audio of the same content. The video data output 
by the video signal converter 43 and the audio data out- 
put by the audio signal converter 44 should basically be 
provided to the user. Accordingly, the video data output 
by the video signal converter 43 and the audio data out- 
put by the audio signal converter 44 are referred to as 
"main data", if needed. 

[0163] Although the low-resolution data represents 
the same content of video and/or audio as the main data, 
its amount may be small, and any method for reducing 
the amount of data than that of the main data may be 
used. Also, when data is played back in a playback pe- 
riod, the low-resolution data can be more rapidly read 
from the optical disk 11 than the main data. 
[0164] For example, approximately 25 megabits per 
second (Mbps) may be employed as the data rate of the 
main data. In this case, for example, approximately 3 
Mbps may be employed as the data rate of the low-res- 
olution data. In addition, in this case, when, for example, 
approximately 2 Mbps is employed as the data rate of 
the meta data, the data rate of the entire data recorded 
on the optical disk 11 is approximately 30 (= 25 + 3 + 2) 
Mbps. Accordingly, (the disk recording/playback appa- 35 
ratus 10 for driving) the optical disk 11 can employ a 
data rate in a sufficiently practical range including, for 
example, a recording rate of 35 Mbps. 
[01 65] As described above, the data converter 1 9 also 
supplies data series of the meta data and the low-reso- *o 
lution data other than the data series of the main data 
(video and audio data) to the memory controller 1 7. The 
main data, meta data, and low-resolution data supplied 
to the memory controller 17 are supplied and recorded 
on the optical disk 11. 45 
[0166] In the mode of playing back data from the op- 
tical disk 11 , the main data, the meta data, or the low- 
resolution data is read from the optical disk 1 1 , if need- 
ed. Video data and audio data constituting the main data 
are supplied to the video data converter 45 and the au- 50 
dio data converter 46, respectively. Similarly to the case 
in Fig. 3, the video data and the audio data are decoded 
to generate a video signal and an audio signal, and both 
signals are supplied to the multiplexer 47. 
[01 67] The meta data and the low-resolution data are 55 
supplied to the meta-data processor 53 and the low-res- 
olution-data generator 54, respectively. The meta-data 
processor 53 changes disposed positions of the com- 



ponents of the supplied meta data, if needed, and sup- 
plies the processed meta data to the multiplexer 47. The 
low-resolution-data generator 54 decodes the supplied 
low-resolution data to generate a video signal and an 
audio signal which represent reduced amounts of data, 
and supplies the processed signals to the multiplexer 
47: 

[0168] The multiplexer 47 supplies the video signal 
supplied from the video data converter 45 : the audio sig- 
nal supplied from the audio data converter 46, the meta 
data supplied from the meta-data processor 53, and the 
video signal and audio signal from the low-resolution^ 
data generator 54 which represent reduced amounts of 
data to the signal input/output device 31 . The video sig- 
nal supplied from the video data converter 45 .. the au dio 
signal supplied from the audio data converter 46, the 
meta data supplied from the meta-data processor 53, 
the video signal and audio signal from the low-resolu- 
tion-data generator 54 which represent reduced 
amounts of data can be multiplexed and output or can 
be separately output in parallel, 

[0169] Next, the recording process of the controller 20 
which is performed when the data converter 19 has the 
structure shown in Fig. 16 is described below with ref- 
erence to the flowchart in Fig. 1 7. 
[0170] When an operation signal for commanding the 
recording process to start is supplied from the operation 
unit 21 to the controller 20 by operating the operation 
unit 21 , the controller 20 starts the recording process. 
[0171] Atfirst, in step S31, the controller 20 sets audio 
annual-ring size T^ and video annual-ring sizeT^, and 
also low-resolution annual-ring size T sl and meta annu- 
al-ring size T sm . 

[0172] The low-resolution annual-ring size T s) is a var- 
iable determining an amount of low-resolution data that 
is collectively recorded on the optical disk 11. Similarly 
to the above audio annual-ring size T sa and video an- 
nual-ring size T sv , the low-resolution annual-ring size T s , 
is expressed by, for example, a playback period of a vid- 
eo signal (or audio signal) used as a source of the low- 
resolution data. Similarly, the meta annual-ring size T sm 
is a variable determining the amount of meta data that 
is collectively recorded on the optical disk 11 . Similarly 
to the above audio annual-ring size T sa and video an- 
nual-ring size T sv , the meta annual-ring size T srn is ex- 
pressed by a playback period of a video signal in which 
its meta data describes various types of information 
(such as a date and time of picture capturing). 
[0173] The reason that the low-resolution annual-ring 
size T sl and the meta annual-ring size T srfl are not ex- 
pressed by the amount of data such as the number of 
bits and the number of bytes but are indirectly expressed 
by a playback period is similar to that in the case of the 
above audio annual-ring size T sa and video annual-ring 
sizeT sv . 

[0174] In other words, according to the recording 
process in Fig. 1 7, as described later, low-resolution an- 
nual-ring data which is a set of pieces of low-resolution 
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data by the amount of data based on low-resolution an- 
nual-ring sizeT s , extracted from a data series of the low- 
resolution data, and meta annual-ring data which, is a 
set of pieces of meta data by the amount of data based 
on meta annual-ring size T sm extracted from a data se- 
ries of the meta data, as well as audio annual-ring data 
which is a set of pieces of audio data by the amount of 
data based on audio annual-ring size extracted from 
a series of pieces of audio data A, and video annual-ring 
data whiclrfe'B set of pieces of video data by the amount 
of data based on video annual-ring size extracted . 
from a series of pieces of video data V, are periodically 
recorded in a predetermined pattern. 
[0175] When the audio annual-ring data, the video an- 
nual-ring data, the low-resolution annual-ring data, and 
the meta annual-ring data are periodically recorded in a 
predetermined pattern on the optical disk 11, audio an- 
nual-ring data and video annual-ring data at a playback 
time; and low-resolution annual-ring data generated by 
reducing the amounts of the audio annual-ring data and 
video annual-ring data at the playback time, must be re- 
corded in close positions on the optical disk 11 because 
the low-resolution annual-ring data is generated by re- 
ducing the amounts of the audio annual-ring data and 
video annual-ring data. Also, because the meta annual- 
ring data represents information concerning audio an- 
nual-ring data and video annual-ring data, audio annual- 
ring data and video annual-ring data at a playback time, 
and meta annual-ring data representing information 
concerning the annual-ring data and video annual-ring 
data at the playback time should be recorded in close 
positions on the optical disk 11 . 

[01 76] When each data rate of audio data A and video 
data V is compared in the same playback period with 
each data rate of low-resolution data and meta data, the 
data rate of the low-resolution data and the meta data 
is smaller than that of audio data A and video data V. 
[0177] Accordingly, when low-resolution annual-ring 
size Tg, and meta annual-ring size are represented 
by amounts of data, similarly to the case of using 
amounts of data to represent the above audio annual- 
ring size and video annual-ring size T sv , a problem 
occurs in that it is difficult to dispose, in close positions 
on the optical disk 11 . the audio data, the video data, 
the low-resolution data, and the meta data which must 
be played back at similar playback times. 
[0178] In the recording process in Fig. 17, low-reso- 
lution annual-ring size T sl and meta annual-ring size T sm 
are also expressed by playback periods similarly to the 
audio annual-ring size and the video annual-ring 
size Tgy. This makes it possible to dispose, in close po- 
sitions on the optical disk 1 1 , the audio data, video data, 
low-resolution data, and meta data which must be 
played back at similar playback times. 
[0179] The audio annual-ring size T M1 video annual- 
ring size T sv , low-resolution annual-ring size T sh and 
rheta annual-ring size T sm set in step S31 may have pre- 
determined fixed values or variable values. When the 



audio annual-ring size T sa , video annual-ring size T sv , . 
low-resolution annual-ring size T^, and meta annual- 
ring size T sm are set to be variable, the variable values 
can be input, for example, by operating the operation 
5 unit 21. ' 

[0180] After step S31 , the controller 20 proceeds lo 
step S32. In step S32, similarly to the case of step S2 
in Fig. 4, the controller 20 starts an audio-signal con- 
verting process and a video-signal converting process 

10 in which, by controlling the data converter^, the audio 
signal and video signal, supplied from the signal input/ 
output device 31 to the disk recording/playback appara- 
tus 1 0, are encoded and compressed to generate series 
of pieces of audio data A and series of pieces of video 

15 data V. The controller 20 also starts an audio-data stor- 
age process and a video-data storage process in which, 
by controlling the memory controller 17, the audio data 
A and video data V. obtained in the data converter 19 
are supplied and stored in the memory 18. In step S32, 

20 the controller 20 starts a meta-data process in which, by 
controlling the data converter 19, a series of pieces of 
the meta data supplied from the signal input/output de- 
vice 31 to the disk recording/playback apparatus 10, and 
a low-resolution generating process in which, by con- 

25 trolling the data converter 19, a series of pieces of the 
low-resolution data is generated from the audio signal 
and video signal supplied from the signal input/output 
device 31 to the data converter 19. The controller 20 
also starts a meta-data storage process and a low-res- 

30 olution-data storage process in which, by controlling the 
memory controller 1 7 : the meta data and low-resolution 
data obtained in the data converter 1 9 are supplied and 
stored in the memory 18. 

[0181] Sequentially proceeding to steps S33and S34, 

35 the controller 20 starts an audio-data recording task in 
step S3 3 which is a control task for recording audio data 
A on the optical disk 11 , and a video-data recording task 
in step S34 which is a control task for recording video 
data V on the optical disk 1 1 , and proceeds to step S35. 

40 In step S35, the controller 20 starts a low- resolution-da- 
ta recording task which is a control task for recording 
the low-resolution data on the optical disk 11, and pro- 
ceeds to step S36. In step S36, the controller 20 starts 
a meta-data recording task which is a control task for 

45 recording the meta data on the optical disk 11 , and pro- 
ceeds to step S37. Details of the audio-data recording 
task in step S33, the video-data recording task in step 
S34, the low-resolution recording task in step S35, and 
the meta-data recording task in step S36 are described 

50 later. The order of steps S33 to S36 may be changed. 
[0182] In step S37, the controller 20 determines 
whether it has been supplied with an operation signal 
for commanding the data recording to stop. If the con- 
troller 20 has determined that the operation signal has 

55 not been supplied yet, the controller 20 proceeds to step 
S38 and determines whether all the recording tasks 
have stopped. In step S38, if the controller 20 has de- 
termined negatively, the controller 20 returns to step 
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S37 and repeats similar processing. 
[01 83] In step S38, if the controller 20 has determined 
that all the recording tasks have stopped, that is, when 
the audio-data recording task started in step S33, the 
video-data recording task started in step S34, the low- 
resolution-data recording task started in step S35, and 
the meta-data recording task have all slopped, the re- 
cording process ends. 

[0184] In step S37, if the controller 20 has determined 
that it -has been supplied with the operation signal for 
commanding the data recording to stop, that is, for ex- 
ample, when the user operates the operation unit 21 to 
stop the data recording, the controller 20 proceeds to 
step S39. In step S39, the controller 20 stops the audio- 
signal converting process, video-signal converting proc- 
ess, audio-data storage process, video-data storage 
process, meta-data process, low-resolution generating 
process, meta-data storage process, low-resolution-da- 
ta storage process started in step S32. The controller 
20 proceeds to step S40. 

[01 85] Similarly to step S38, in step S40, the controller 
20 determines whether all the recording tasks have 
stopped. In step S40, if the controller 20 has determined 
that all the recording tasks have not stopped yet, it re- 
turns to step S40 and repeats similar processing. 
[01 86] In step S40, if the controller 20 has determined 
that all the recording tasks have stopped, that is, when 
the audio-data recording task started in step S33, the 
video-data recording task started in step S34, the low- 
resolution-data recording task started in step S35, and 
the meta-data recording task started in step S36 have 
all stopped, the recording process ends. 
[0187] Next, the audio-data recording task started in 
step S33 in Fig. 1 7 is described below with reference to 
the flowchart in Fig. 18. 

[0188] After the audio-data recording task starts, at 
first, in step S51 , the controller 20 initializes variable N a 
to, for example, 1 . Variable N a is incremented by 1 in 
step S57 which is later performed. The controller 20 pro- 
ceeds to step S52. 

[0189] Similarly to step S12 in Fig. 5, in step S52, the 
controller 20 determines whether T^ x N a is not greater 
thanT sv x N v , and further determines whether T sa x N a 
is not greater than T s , x N, and not greater than T sm x 
N m - 

[0190] Here, T s , represents a low-resolution annual- 
ring size, and variable N, is incremented by 1 whenever 
low-resolution data (low- resolution annual-ring data) 
having the amount of data based on low-resolution an- 
nual-ring size T se is recorded on the optical disk 11 in 
the low-resolution-data recording task, as described lat- 
er. T sm represents a meta annual-ring size, and variable 
N m is incremented by 1 whenever meta data having the 
amount of data based on meta annual-ring size T sm is 
recorded on the optical disk 11 in the meta-data record- 
ing task, as described later. Thus, T s , x N, corresponds 
to the last playback time of low-resolution annual-ring 
data to be recorded on the optical disk 11 when low- 



resolution data is recorded in units of each low-resolu- 
tion annual-ring size T se , and T sm x N m corresponds to 
the last playback time of meta annual-ring data to be 
recorded on the optical disk 11 when meta data is re- 

5 corded in units of each meta annual-ring size T sm . 

[0191] In order that audio annual-ring dala : video an- 
nual-ring data, low-resolution annual-ring data, and me- 
ta annual-ring data at close playback times may be re- 
corded in close positions on the optical disk 11 . they are 

10 periodically disposed 4^ a- predetermined pattern. Re- 
garding audio annual-ring data, video annual-ring data, 
low-resolution annual-ring data, and meta annual-ring 
data, data is disposed in a forwarder position (a position 
based on the order in which data on the optical disk 11 

15 is read/written) on the optical disk 11 in proportional to 
theearliness of the playback time of the data. Regarding 
audio annual-ring data, video annual-ring data, low-res- 
olution annual-ring data, and meta annual-ring data 
which are positioned at close playback times, they are 

20 disposed in forwarder positions on the optical disk 11 , 
for example, in the order of the audio annual-ring data, 
the video annual-ring data, the low-resolution annual- 
ring data, and the meta annual-ring data. 
[0192] In this case, audio annual-ring data of interest 

25 as audio annual-ring data to be recorded is audio annu- 
al-ring data at the latest playback time prior to playback 
time T sa x N a (closest to playback time T sa x N a ). This 
audio annual-ring data of interest must be recorded just 
before video annual-ring data, low-resolution annual-. 

30 ring data, and meta annual-ring data at the latest time 
prior to playback time T sa x N a are recorded, that is, just 
after video annual-ring data, low- resolution annual-ring 
data, and meta annual-ring data at the second latest 
time prior to playback time T sa x N a are recorded. 

35 [0193] Video annual-ring data to be recorded is video 
annual-ring data at the latest time prior to T sv x N v . Low- 
resolution annual-ring data to be recorded is low- reso- 
lution annual-ring data at the latest playback time prior 
to T sJ x N h Meta annual-ring data to be recorded is meta 

^0 annual-ring data at the latest playback time prior to T sm 
x N m . Regarding annual-ring data at similar playback 
times, the audio annual-ring data is disposed in a for- 
warder position on the optical disk 11, as described 
above. Recording of the audio annual-ring data of inter- 

45 est must be performed with timing in which playback 
time T sa x N a of the audio annual-ring data is not greater 
than playback time T sv x N v of the video annual-ring 
data, and is not greater than playback time T s , x N, of 
the low-resolution annual-ring data and not greater than 

so playback time T sni x N m of the meta annual-ring data. 
[0194] Accordingly, in step S52, as described above, 
it is determined whether playback time T^ x N a of audio 
annual-ring data is not greater than playback time T^ 
x N v of video annual-ring data, is not greater than play- 

55 back time T s , x N, of low-resolution annual-ring data, 
and is not greater than playback timeT sm x N m of meta 
annual-ring data. This determines whether the present 
time is used as timing with which the audio annual-ring 
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data of interest should be recorded. 
[0195] In step S52, if it is determined that playback 
time x N a of audio annual-ring data is not greater 
than (equal to or before) one of playback time T sv x N v 
of video annual-ring data, playback time T s} x N, of low- 5 
resolution annual-ring data, and playback time T sm x 
N m of meta annual-ring data, that is, when the present 
time is not used as timing with which the audio annual- 
ring data of interest should be recorded, the task returns 
to step S52 and subsequently repeats similar process- to- 
ing. 

[0196] In step S52, if it is determined that playback 
time x N a of audio annual-ring data is not greater 
than all of playback time T sv x N v of video annual-ring 
data, playback time T s j x N, of low-resolution annual- 15 
ring data, and playback time T sm x N m of meta annual- 
ring data, that is, when the present time is used as timing 
with which the audio annual-ring data of interest should 
be recorded, the task proceeds to step S53, and per- 
forms processing in steps S53 to S59 respectively i den- 20 
tical to steps S13 to S1 9 in Fig. 5. After that, the audio- 
data recording task ends. 

[0197] Similarly to the case of the audio-data record- 
ing task in Fig: 5, this causes also the audio-data record- 
ing task in Fig. 18 to record, for example, an amount of 25 
audio annual-ring data which is an integral multiple of 
as a physical unit area on the optical disk 1 1 , for exam- 
ple, the amount of data in one sector, in a predetermined 
pattern in the number of sectors represented by the in- 
tegral multiple so that the boundaries of the audio an- 30 
nual-ring data match the boundaries of the sectors on 
the optical disk 11. 

[0198] Next, the video-data recording task started in 
step S34 in Fig. 1 7 is described below with reference to 
the flowchart in Fig. 19. 35 
[0199] After the video-data recording task starts, at 
first, in step S61 , the controller 20 initializes variable N v , 
for example, to 1 , and proceeds to step S62. Variable 
N v is incremented by 1 in step S67 described later. 
[0200] In step S62, the controller 20 determines *o 
whether T sv x N v is less than x N a , is not greater 
than T s , x N h and is not greater than T sm x N m . 
[0201] As described above, x N a corresponds to 
the last playback time of audio annual-ring data to be 
recorded on the optical disk 11 in the case of recording 45 
audio data in units of each audio annual-ring size T sa , 
and x N v corresponds to the last playback time of 
video annual-ring data to be recorded on the optical disk 
11 in the case of recording video data in units of each 
video annual-ring size T sv . A state in which T sv x N v is so 
less than x N a is a condition for recording video an- 
nual-ring data of interest as video annual-ring data to be 
recorded, just after recording audio annual-ring data at 
the latest playback time prior to playback time T sa x N a , 
as described with reference to step S22 in Fig. 8. 55 
[0202] In addition, similarly to the case in step S52 in 
Fig. 18, a state in which T sv x N v is not greater than T sl 
x N, is a condition for recording video annual-ring data 



of interest as video annual-ring data to be recorded, that 
is, video annual-ring data at the latest time (closest to 
playback time T sv x N v ) prior to playback time T sv x N v 
just before low-resolution annual-ring data at the latest 
time prior to playback time x N v , that is, just after 
low-resolution annual-ring data at the second latest lime 
prior to playback time T sv x N v is recorded. 
[0203] Similarly to the case in step S52 in Fig. 18, a 
state in which T sv x N v is not greater than T sm x N m is 
a condition for recording the video annual-ring data of 
interest as video annual-ring data to be recorded, that 
is, video annual-ring data at the playback time prior to 
playback time T sv x N v just before meta annual-ring da- 
ta at the latest time prior to playback time T sv x N v , that 
is, just after recording meta annual-ring data at the sec- 
ond latest time prior to playback time T sv x N v : 
[0204] In step S62, if it is determined that playback 
time T sv x N v of video annual-ring data is not less than 
playback time x N a of audio annual-ring data, is 
greater than playback time T sl x N, of low-resolution an- 
nual-ring data, or is greater than playback time T sm x 
N m of meta annual-ring data, that is, when the present 
time is not used as timing with which the video annual- 
ring data of interest should be recorded, the task returns 
to step S62 and subsequently repeats similar process- 
ing. 

[0205] In step S62, if it is determined that playback 
time T sv x N v of video annual-ring data is less than play- 
back time x N a of audio annual-ring data, is not 
greater than playback time T sI x N, of low-resolution an- 
nual-ring data, and is not greaterthan playback time T sm 
x N m of meta annual-ring data, that is, when the present 
time is used as timing with which the video annual-ring 
data of interest should be recorded, the task proceeds 
to step S63, and performs steps S63 to S69 respectively 
identical to steps S23 to S29 in Fig. 8. After that, the 
audio-data recording task ends. 

[0206] Accordingly, similarly to the case of the video- 
data recording task in Fig. 8, also in the video-data re- 
cording task in Fig. 19, an amount of video annual-ring 
data which is an integral multiple of a physical unit area 
on the optical disk 11 , for example, the amount of data 
in one sector, is periodically recorded in a predeter- 
mined pattern in the number of sectors represented by 
the integral multiple so that the boundaries of the video 
annual-ring data match the boundaries of the sectors on 
the optical disk 11 . 

[0207] Next, the low-resolution-data recording task 
started in step S35 in Fig. 17 is described below with 
reference to the flowchart in Fig. 20. 
[0208] After the low-resolution-data recording task 
starts, at first, in step S71 , the controller 20 initiates var- 
iable N v for example, to 1 , and proceeds to step S72. 
Variable N t is incremented by 1 in step S77 described 
later. 

[0209] In step S72, the controller 20 determines 
whether T s1 x N, is less than x N a , is less than 
x N v , and is not greaterthan T sm x N m . 
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[0210] Similarly to the case of step S22 in Fig. 8, a 
state in which T s , x N, is less than T sa x N a is a condition 
for recording low-resolution annual-ring data of interest 
as low-resolution annual-ring data to be recorded just 
after recording audio annual-ring data at the latest play- 
back lime prior lo playback lime T s , x N,. Also, a slate 
in which T s , x N, is less lhan T sv x N v is, similarly lo the 
case of step S22 in Fig. 8. a condition for recording low- 
resolution annual-ring data of interest as low-resolution 
annual-ring data to be recorded? that is,- low-resolution 
annual-ring data at the latest time (closest to playback 
time T s , x N,) prior to playback time x N f , just before 
meta annual-ring data in the latest playback time prior 
to playback time T s , x N h that is, just after recording 
meta annual-ring data at the second latest playback 
time prior to playback time T sl x N,. 
[0211] In addition, similarly to the case of step S52 in 
Fig. 1 8, a state in which T s , x N, is equal to or less than 
T sm x N m is a condition for recording low-resolution an- 
nual-ring data of interest as low-resolution annual-ring 
data to be recorded, that is, low-resolution annual-ring 
data at the latest (closest to playback time T s , x N,) play- 
back time prior to x N,, just before meta annual-ring 
data at the latest playback time prior to playback time 
T s , x N,, that is, just after recording meta annual-ring 
data at the second latest playback time prior to playback 
time T s , x N,. 

[0212] lnstepS72, if the controller 20 has determined 
that playback time T sl x N, of low-resolution annual-ring 
data is not less than playback time x N a of audio 
annual-ring data, is not less than playback time T sv x 
N v of video annual-ring data, or is greater than playback 
time T s ^ x N m of meta annual-ring data, that is, when 
the present time is not used as timing with which the 
low-resolution annual-ring data of interest should be re- 
corded, the controller 20 returns to step S72 and sub- 
sequently repeats similar processing. 
[0213] Also, in step S72, if the controller 20 has de- 
termined that playback time T s , x N { of low-resolution 
annual-ring data is less than playback time T sa x N a of 
audio annual-ring data, is less than playback time T sv x 
N v of video annual-ring data, and is not greater than 
playback time x N m of meta annual-ring data, that 
is, when the present time is used as timing with which 
the low-resolution annual-ring data of interest should be 
recorded, the controller 20 proceeds to step S73 and 
determines whether the low-resolution annual-ring data 
is supplied from the data converter 1 9 to the memory 1 8 
through the memory controller 17. If the controller 20 
has determined that the tow-resolution data is supplied, 
it proceeds to step S74. 

[0214] In step S74, the controller 20 determines 
whether the memory 18 accumulatively stores the low- 
resolution data required for playback of low-resolution 
annual-ring size T sl x N,. If the controller 20 has deter- 
mined that the memory 18 has not stored the low-reso- 
lution data yet, the controller 20 returns to step S72 and 
subsequently repeats similar processing. In step S74. if 



the controller 20 has determined that the memory 18 
stores the low-resolution data required for playback in 
playback period T sl x N,, the controller 20 proceeds to 
step S75. 

s [021 5] When the data-amount detector 42 in the data 
converter 19 delects Ihe video signal and audio signal 
required for playback in playback period T s , x N,, it no- 
tifies the memory controller 17 of the detection. Based 
on the notification, the memory controller 1 7 determines 

10 whether the memory 1 8 accumulatively stores the low- 
resolution data required for playback period T s , x Nj. 
and notifies the controller 20 of the result of the deter- 
mination. The controller 20 determines based on the re- 
sult of the determination. Although in this embodiment 

15 a data-reduced video signal or the like in encoded and 
compressed form is used as tow-resolution data, a data- 
reduced video signal or the like can be directly used as 
low -resolution data. 

[0216] In step S75 ; the controller 20 controls the 

20 memory controller 1 7 to extract, from the low-resolution 
data stored in the memory 18, in temporally inputted or- 
der, the maximum amount of low-resolution data which 
can be read from the memory 1 8 and which is an integral 
multiple of (n times) a physical recording/playback unit 

25 (physical unit area) formed on the optical disk 11, for 
example, the amount Su of data in one sector. After that, 
the controller 20 proceeds to step S76. 
[0217] The low-resolution annual-ring data read from 
the memory 1 8, as the maximum amount of low-resofu- 

30 tion data which can be read from the memory 1 8 and 
which is an integral multiple of the amount of data in one 
sector, is the above-described latest low-resolution an- 
nual-ring data prior to playback time T s , x N,. 
[0218] Low-resolution data unread in step S75 re- 

35 mains unchanged in Ihe memory 18. 

[0219] In step S76, the controller 20 controls the 
memory controller 1 7 to supply the signal processor 1 6 
with the low-resolution annual-ring data of interest ob- 
tained in step S75 which is an integral multiple of the 

40 amount of data in one sector. This controls recording so 
that the low-resolution annual-ring data of interest which 
is an integral multiple of the amount of data in one sector 
can be recorded in the number of sectors represented 
by the multiple. Accordingly, the amount of low-resolu- 

45 tion annual-ring data which is the integral multiple of the 
amount of data in one sector is recorded in the number 
of sectors represented by the integral multiple so that 
the boundaries of the low-resolution annual-ring data 
match the boundaries of the sectors on the optical disk 

50 11. 

[0220] After that, proceeding to step S77, the control- 
ler 20 increments variable N 1 by 1 , and returns to step 
S72 and subsequently repeats similar processing. 
[0221] In step S73, if the controller 20 has determined 
55 that the low-resolution data is not supplied to the mem- 
ory 1 8 3 that is, when the supply of the low-resolution data 
from the data converter 19 to the memory controller 17 
stops, the controller 20 proceeds to step S78. In step 
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S78, the controller 20 controls the memory controller 1 7 
to read all the low-resolution data remaining in the mem- 
ory 18 and to add padding data to the read data so that 
its amount is the amount of data which is the least mul- 
tiple of the amount of data in one sector. In this manner, s 
the low-resolution data read from the memory 1 8 is proc- 
essed to form an amount of low-resolution annual-ring 
data which is an integral multiple of the amount of data 
in one sector. The controller 20 controls the memory 
controller 1 7 to supply the low-resolution annual-ring da- 10 
ta to the signal processor 1 6, thereby controlling record- 
ing so that the amount of low-resolution annual-ring data 
which is an integral multiple of the amount of data in one 
sector can be recorded in the number of sectors repre- 
sented by the multiple. 15 
[0222] After that, proceeding to step S79, the control- 
ler 20 sets a value corresponding to infinity, as variable 
N,, and stops the low-resolution-data recording task. 
[0223] Next, the meta-data recording task started in 
step S36 in Fig. 17 is described below with reference to 20 
the flowchart in Fig. 21 . 

[0224] After the meta-data recording task starts, at 
first, in step S81 , the controller 20 initializes variable N,, 
for example, to 1 , and proceeds to step S82. Variable N, 
is incremented by 1 in step S87 described later. 25 
[0225] In step S82, the controller 20 determines 
whether T sm x N m is less than x N a , is less than 
T sv x N v , and is less than T sl x N,. 
[0226] Similarly to the case of step S22 in Fig. 8, a 
state in which T sm x N m is less than x N a is a con- 30 
dition for recording, just after recording audio annual- 
ring data at the latest time prior to playback T sm x N m , 
meta annual-ring data to be recorded. Similarly to the 
case of step S22 in Fig. 8, a state in which T sm x N m is 
less than T sv x N v is a condition for recording, just after 35 
recording video annual-ring data at the latest time prior 
to playback time x N m , meta annual-ring data of 
interest as meta annual-ring data to be recorded. Simi- 
larly, a state in which x N m is less than T s , x N, is 
a condition for recording, just after recording low-reso- *o 
lution annual-ring data at the latest time priorto playback 
time T,^ x N m , meta annual-ring data of interest as me- 
ta annual-ring data to be recorded. 
[0227] lnstepS83, if the controller 20 has determined 
that playback time T sm x N m of meta annual-ring data 45 
is not less than playback time x N a , is not less than 
playback time x N v of video annual-ring data, or is 
not less than playback time T sl x N, of meta annual-ring 
data, that is, when the present time is not used as timing 
with which the meta annual-ring data of interest should 50 
be recorded, the controller 20 returns to step S82 and 
subsequently repeats similar processing. 
[0228] In step S82, if the controller 20 has determined 
that playback time T sm x N m of meta annual-ring data 
is less than playback time T sa x N a of audio annual-ring 55 
data, is less than playback time T sv x N v of video annu- 
al-ring data, and is less than playback time T s , x N, of 
low-resolution annual-ring data, that is, when the 



present time is used as timing with which the meta an- 
nual-ring data of interest should be recorded, the con- 
troller 20 proceeds to step S83. In step S83 : the control- 
ler 20 determines whether meta data is supplied from 
the data converter 19 to the memory 18 through the 
memory controller 17. If the controller 20 has deter- 
mined that the meta data is supplied, it proceeds to step 
S84. 

[0229] In step S84, the controller 20 determines 
whether the memory *f8 'accumulatively stores the meta 
data required for playback of meta annual-ring size T sm 
x N m . If the controller 20 has determined that the mem- 
ory 1 8 has not stored the meta data yet, the controller 
20 returns to step S82 and subsequently repeats similar 
processing. In step S84, if the controller 20 has deter- 
mined that the memory 1 8 stores the meta data required 
for playback of meta annual-ring size T sn1 x N m , the con- 
troller 20 proceeds to step S85. 

[0230] When the data-amount detector 42 in the data 
converter 19 detects the accumulated video signal and 
audio signal required for playback in T sm x N m ,it notifies 
the memory controller 1 7 of the detection. Based on the 
notification, the memory controller 17. determines 
whether the memory 1 8 accumulatively stores the meta 
data required for playback in playback period T sm x N m , 
and notifies the controller 20 of the result of the deter- 
mination. The controller 20 determines in step S84 
based on the result of the determination from the mem- 
ory controller 1 7. 

[0231] In step S85, the controller 20 controls the 
memory controller 17 to extract, from the meta data 
stored in the memory 1 8, in temporally inputted order, 
the maximum amount of meta data which can be read 
from the memory 18 and which is an integral multiple of 
(n times) a physical recording/playback unit (physical 
unit area), for example, the amount of data in one sector. 
The controller 20 proceeds to step S86. 
[0232] The meta annual-ring data read from the mem- 
ory 1 8 which is an integral multiple of the amount of data 
in one sector and which can be read as the maximum 
amount of meta data from the memory 1 8 is the above- 
described latest meta annual-ring data priorto playback 
timeT sm xN m . 

[0233] Meta data unread in step S 85 remains un- 
changed in the memory 1 8. 

[0234] In step S86, the controller 20 controls the 
memory controller 1 7 to supply the signal processor 1 6 
with the amount of meta annual-ring data of interest ob- 
tained in step S85 which is an integral multiple of the 
amount of data in one sector, thereby controlling record- 
ing so that the amount of meta annual-ring data of inter- 
est which is an integral multiple of the amount of data in 
one sector can be recorded in the number of sectors 
represented by the multiple. In this manner, the amount 
of meta annual-ring data of interest which is an integral 
multiple of the amount of data in one sector is periodi- 
cally recorded in a predetermined pattern so that the 
boundaries of the meta annual-ring data match the 
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boundaries of the sectors on the optical disk 11. 
[0235J After that, proceeding to step S87 : the control- 
ler 20 increments variable N m by 1 , and returns to step 
S82 and subsequently repeats similar processing. 
[0236] In step S83, if the controller 20 has determined 
thai the meta dala is not supplied lo Lhe memory 1 8, that 
is, when Lhe supply of the meta dala from the dala con- 
verter 1 9 to the memory controller 1 / stops, the control- 
ler 20 proceeds to step S88. In step S88, the controller 
20 controls the memory controller 1 7 to read all the meta 
data remaining in the memory 18 and to add padding 
data to the read data so that its amount is the least mul- 
tiple of the amount of data in one sector. This processes 
the meta data read from the memory 18 to form the 
amount of meta annual-ring data which is an integral 
multiple of the amount of data in one sector. The con- 
troller 20 controls the memory controller 1 7 to supply the 
meta annual-ring data to the signal processor 1 6, there- 
by controlling recording so that the amount of meta an- 
nual-ring data which is an integral multiple of the amount 
of data in one sector can be recorded in the number of 
sectors represented by the multiple. 
[0237] After that, proceeding to step S89, the control- 
ler 20 sets a value corresponding to infinity as variable 
N m , and ends the meta-data recording task. 
[0238] Audio annual-ring data, video annual-ring da- 
ta, low-resolution annual-ring data, and meta annual- 
ring data at similar playback times are periodically re- 
corded in a predetermined pattern on the optical disk 1 1 
in the order of audio annual-ring data, video annual-ring 
data, low-resolution annual-ring data, and meta annual- 
ring data by the determinations in step S52 of the audio- 
data recording task in Fig. 18, in step S62 of the video- 
data recording task in Fig. 19, in step S72 of the low- 
resolution-data recording task in Fig. 20, and in step S82 
of the meta-data recording task in Fig. 21 . 
[0239] However, the order of priorities for use in re- 
cording audio annual-ring data, video annual-ring data, 
low-resolution annual-ring data, and meta annual-ring 
data is not limited to the above order of audio annual- 
ring data, video annual-ring data, low-resolution annual- 
ring data, and meta annual-ring data. 
[0240] Next, the memory controller 1 7 performs data 
reading from the memory 18 to extractaudio annual-ring 
data, video annual-ring data, low-resolution annual-ring 
data, and meta annual-ring data. A process for gener- 
ating (extracting) the audio annual-ring data, the video 
annual-ring data, the low-resolution annual-ring data, 
and the meta annual-ring data is described below with 
reference to Figs. 22 to 26. 

[0241] Fig. 22 shows relationships with time (play- 
back period) of the total amount La of the audio data 
accumulatively stored in the memory 18, the total 
amount Lv of the video data accumulatively stored in the 
memory 1 8, the total amount LI of the low-resolution da- 
ta accumulatively stored in the memory 18, and the total 
amount Lm of the meta data accumulatively stored in 
the memory 18. In Fig. 22 (also in Figs. 23 to 26), each 



set of small arrows (indicating the distance between hor- 
izontal dotted lines) on the right side indicates the 
amount Su of data. 

[0242] As described above, when the audio data re- 
5 quired for playback in playback period T sa x N a is stored 
in the memory 18, the memory controller 17 reads and 
extracts, as audio annual-ring dala, lhe maximum 
amount of audio data which can be read from the mem- 
ory 18 and which is an integral multiple of the amount 

10 of da*a4n one sector. When the video data required for 
playback in playback period T sv x N v is stored in the 
memory 18, the memory controller 17 reads and ex- 
tracts, as video annual-ring data, the maximum amount 
of video data which can be read from the memory 1 8 

15 and which is an integral multiple of the amount of data 
in one sector. When the low-resolution data required for 
playback in playback period T s , X N, is stored in the 
memory 18, the memory controller 17 reads and ex- 
tracts, as low-resolution annual-ring data, the maximum 

20 amount of low-resolution data which can be read from 
the memory 18 and which is an integral multiple of the 
amount of data in one sector. When the meta data re- 
quired for playback in playback period T sm x N m is 
stored in the memory 18, the memory controller 17 

25 reads and extracts, as meta annual-ring data, the max- 
imum amount of meta data which can be read from the 
memory 18 and which is an integral multiple of the 
amount of data in one sector. 

[0243] Accordingly, as shown in Fig. 22, the total 
30 amount La of the audio data stored in the memory 18 
changes, as Fig. 23 shows, the memory controller 17 
reads and extracts, as audio annual-ring data, the max- 
imum amount of audio data which can be read from the 
memory 18 and which is an integral multiple of the 
35 amount of dala in one sector with timing in which time t 
is i x T sa (i = 1, 2,...) which is an integral multiple of 
audio annual-ring size T^. 

[0244] In the example in Fig. 23, with timing in which 
time t is T sa , 2 x T^, 3 x T sa , or 4 x T sa , audio data for 

40 one sector, audio data for two sectors, audio data for 
one sector, or audio data for two sectors is extracted as 
audio annual-ring data #1, audio annual-ring data #2, 
audio annual-ring data #3, or audio annual-ring data #4. 
[0245] As shown in Fig. 22, when the total amount Lv 

45 of the video data stored in the memory 1 8 changes, as 
Fig. 24 shows, the memory controller 1 7 reads and ex- 
tracts, as video annual-ring data, the maximum amount 
of video data which can be read from the memory 18 
and which is an integral multiple of the amount of data 

50 j n one sector with timing in which time t is i x T sv which 
is an integral multiple of video annual-ring size T sv . 
[0246] In the example in Fig. 24, with timing in which 
time t is T sv , 2 x T sv , 3 x T sv , or 4 x T WI video data for 
four sectors, video data for two sectors, video data for 

55 five sectors, or video data for two sectors is extracted 
as video annual-ring data #1 , video annual-ring data #2, 
video annual-ring data #3, or video annual-ring data #4. 
[0247] As shown in Fig. 22, when the total amount L1 
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of the low-resolution data stored in the memory 18 
changes, as Fig. 25 shows, the memory controller 17 
reads and extracts, as low-resolution annual-ring data, 
the maximum amount of low-resolution data which can 
be read from the memory 18 and which is an integral 
multiple of the amount of data in one sector with liming 
in which lime t is i x T s , which is an integral multiple of 
low-resolution annual-ring size T sl . 
[0248] In the example in Fig. 25, with timing in which 
time t is T^, or 2 x T sl , low-resrefution data for one sector 
or low-resolution data for three sectors is extracted as 
low-resolution annual-ring data#1 or low-resolution an- 
nual-ring data #2. 

[0249] As shown in Fig. 22, when the total amount Lm 
of the meta data stored in the memory 18 changes, as 
Fig. 26 shows, the memory controller 1 7 reads and ex- 
tracts, as meta annual-ring data, the maximum amount 
of meta data which can be read from the memory 1 8 and 
which is an integral multiple of the amount of data in one 
sector with timing in which time t is i x T sm which is an 
integral multiple of meta annual-ring size T sm . 
[0250] In the example in Fig. 26, with timing in which 
time t is T sm or 2 x T sm , meta data for one sector is 
extracted as meta annual-ring data #1 or meta an nu ai- 
ring dara #2. 

[0251] Regarding the audio annual-ring size 
shown in Fig. 23, the video annual-ring size shown 
in Fig. 24, the low-resolution annual-ring size T sf shown 
in Fig; 25, and the meta annual-ring size T sm shown in 
Fig. 26, when it is, for example, assumed that the sizes 
have relationships in which the video annual-ring size 
T sv is equal to the audio annual-ring size T^, and the 
low-resolution annual-ring size T sI and the meta annual- 
ring size T sm are each equal to the double of the audio 
annual-ring size audio annual-ring size T sa (2 x T M = 2 
x T sv = T s , = T^), according to the audio-data recording 
task shown in Fig. 18, the video-data recording task 
shown in Fig. 19, the low-resoiution-data recording task 
shown in Fig. 20, and the meta-data recording task 
shown in Fig. 21 , the meta annual-ring data #1 to #4 in 
Fig. 23, the video annual-ring data #1 to #4 in Fig. 24, 
the low-resolution annual-ring data #1 and #2 in Fig. 25, 
and the meta annual-ring data #1 and #2 in Fig. 26 are 
periodically recorded in a predetermined pattern on the 
optical disk 11 , as shown in Fig. 27. 
[0252] In other words, as described above, audio an- 
nual-ring data, video annual-ring data, low-resolution 
annual-ring data, and meta annual-ring data at similar 
times are recorded in forwarder positions on the optical 
disk 11 in the order by priority of the audio annual-ring 
data, the video annual-ring data, the low-resolution an- 
nual-ring data, and the meta annual-ring data. 
[0253] When, for example, audio annual-ring data at 
the highest priority is used as a reference, video annual- 
ring data having video annual-ring size T sv identical to 
audio annual-ring size T sa is periodically recorded on 
the optical disk 11 in a predetermined pattern identical 
to that for audio annual-ring data. In other words, after 



audio annual-ring data at a playback time is recorded, 
video annual-ring data at a similar playback time is re- 
corded following the audio annual-ring data. 
[0254] Low-resolution annual-ring data having low- 

5 resolution annual-ring size T s! which is the double of au- 
dio annual-ring size T sa is periodically recorded on the 
optical disk 11 in a predetermined pattern which is dou- 
ble that for audio annual-ring data. In other words, for 
low-resolution annual-ring data at a playback time : there 

10 are pieces of audio annual-ring data at two playback 
times formed by bisecting the playback time, and the 
low-resolution annual-ring data is recorded after the 
pieces of audio annual-ring data at the two playback 
times are recorded. 

15 [0255] Meta annual-ring data having meta annual- 
ring size which is the double of audio annual-ring 
size T sa is also periodically recorded in a predetermined 
pattern which is double that for audio annual-ring data. 
In other words, for meta annual-ring data at a playback 

20 time, there are pieces of audio annual-ring data at two 
playback times formed by bisecting the playback time, 
and the meta annual-ring data is recorded afterthe piec- 
es of audio annual-ring data at the two playback times 
a re. recorded. 

25 [0256] Accordingly, as shown in Fig. 27, the audio an- 
nual-ring data #1 to #4 shown in Fig. 23, the video an- 
nual-ring data #1 to #4 shown in Fig. 24, the low-reso- 
lution annual T ring data #1 and #2 shown in Fig. 25, and 
the meta annual-ring data #1 and #2 shown in Fig. 26 

30 are recorded on the optical disk 11 from its inner to outer 
circumference in the order of audio annual-ring data #1 , 
video annual-ring data #1, audio annual-ring data #2, 
video annual-ring data #2, low- resolution annual-ring 
data #1 , meta annual-ring data #1 , audio annual-ring da- 

35 ta #3, video annual-ring data #3, audio annual-ring data 
#4, video annual-ring data #4, low-resolution annual- 
ring data #2, meta annual-ring data #2, etc. 
[0257] In the examples in Figs 22 to 27, video annual- 
ring size T sv and audio annua!- r : y size are set to 

40 be equal to each other, and eacn of low-resolution an- 
nual-ring size Tg, and meta annual-ring size T sm is set 
to be the double of audio annual-ring size T^. However, 
relationships among audio annual-ring size T^, video 
annual-ring size T sv , low-resolution annual-ring sizeT sh 

45 and meta annual-ring size T sm are not limited to the 
above. In other words, relationships among audio annu- 
al-ring size T sa: video annual-ring size T sv , low-resolu- 
tion annual-ring size T sl , and meta annual-ring size T sm 
can be set, for example, to identical periods, or to differ- 

50 ent periods. 

[0258] In addition, audio annual-ring size T^, video 
annual-ring size T sv , low-resolution annual-ring sizeT sl , 
and meta annual-ring size T sm can be set for matching, 
for example, uses and purposes of use of the optical 

55 disk 11. 

[0259] For example, each of low-resolution annual- 
ring size T s) and meta annual-ring size T sm can be set 
to be greater than each of audio annual-ring size T sa 
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and video annual-ring size T sv . 

[0260] When low-resolution annual-ring size T s , is set 
to be greater than audio annual-ring size T sa and video 
annual-ring size T SVJ for example, when low-resolution 
annual-ring size T s , is set to .10 seconds, while audio 
annual-ring size T sa and video annual-ring size T sv are 
each set to 2 seconds, for example, the speed of shuttle 
playback based on low-resolution data and the speed 
of transferring low-resolution data to an external appa- 
ratus sucrras-a computer can be increased. 
[0261 ] In other words, low-resolution data can be read 
in short time from the optical disk 11 since its amount is 
less than that of main data, and low-resolution data can 
be used for variable speed playback such as shuttle 
playback since it causes a small processing load. When 
low-resolution annual-ring size T s , is set to a large value, 
the frequency of seek operations occurring when only 
low-resolution data is read from the optical disk 11 can 
be reduced. Thus, the reading of the low-resolution data 
from the optical disk 1 1 can be performed in shortertime, 
and when shuttle playback using the low -resolution data 
is performed, the speed of the shuttle playback can be 
increased. In addition, when low-resolution data is 
transferred and processed in a computer or the like, the 
transfer speed (the period required for transfer) can be 
increased. 

[0262] When meta annual-ring size T sm is set to be 
greater than audio annual-ring size and video annu- 
al-ring size T sv , for example, when meta annual-ring 
size T sm is set to 20 seconds, while audio annual-ring 
size and video annual-ring size T sv are each set to 
2 seconds, only meta data can be read in short time, 
similarly to the case in which low-resolution annual-ring 
size T sJ is set to be greater. Therefore, for example, by 
using a time code or the like which is included in the 
meta data, retrieval of a particular frame represented by 
a video signal as main data,. etc., can be performed at 
high speed. 

[0263] By setting low-resolution annual-ring size T sI 
to be greater when it is required that shuttle playback 
and transfer to the exterior of low-resolution data be per- 
formed, and by setting meta annual-ring size T sm to be 
greater when it is required that frame retrieval be per- 
formed at high speed, the optical disk 11 , which has high 
convenience coping with the requirements, can.be pro- 
vided. 

[0264] As described above, by setting low-resolution 
annual-ring size T s , or meta annual-ring size T am to be 
greater, the time required for reading (also the time for 
writing) a particular data series such as low-resolution 
data or meta data can be reduced. 
[0265] Accordingly, when audio annual-ring size T sa 
or video annual-ring size T sv is set to be greater, the time 
required for reading (also writing) audio data or video 
data as main data can be reduced. As a result, in the 
case of performing, so-cailed "audio visual (AV) split ed- 
iting" that edits only audio data or video data, the speed 
of the editing can be increased. 



[0266] In the case of playing back video and audio, to 
start the playback, both video data at each pfeyback 
time and audio data associated with the video data must 
be awaited. When audio annual-ring size T sa or video 
annual-ring size T sv is set to be greater, either audio data 
having the grater audio annual-ring size T sa or video da- 
ta having the greater video annual-ring sizeT sv must be 
read and the other must be read thereafter so that the 
time for awaiting video data at a playback time and video 
data associated with the video data increases, thus- in- 
creasing delay time from the commanding of playback 
until the start of actual playback. Also, in order that video 
data at a playback time and audio data associated with 
the video data may be simultaneously played back, one 
of the greater audio ann ual-ring size T sa and the greater 
video annual-ring sizeT^, which is firstly read, must be 
stored in the memory 18, at least until reading of the 
other one is initiated. Accordingly, when the greater au- 
dio annual-ring size ^ or the greater video annual-ring 
size T sv is used, the memory 1 8 must have a larger stor- 
age capacity, in addition to an increase in the delay time 
until the start of playback. 

[0267] Therefore, it is preferable that audio annual- 
ring size T sa and video annual-ring size T sv be deter- 
mined in view of the delay time until the start of playback 
and an allowable storage capacity of the memory 18. 
[0268] Since low-resolution data and meta data each 
have a sufficiently smaller amount of data than that of 
audio data or video data, if low-resolution annual-ring 
size T sJ or meta annual-ring size T sm is set to be greater, 
the required addition to the storage capacity of the mem- 
ory 18 does not so become an issue compared with the 
case of setting audio annual-ring size T^ or video an- 
nual-ring size T sv to be greater. 

[0269] Next, Figs. 28A and 28B show stales in which 
data the disk recording/playback apparatus 1 0 reads or 
writes data on the optical disk 11 . In Figs. 28A and 28B, 
four data series, that is, audio data, video data, low-res- 
olution data, and meta data, are read from or written on 
the optical disk 11. 

[0270] In the case of writing data on the optical disk 
11 , when the optical disk 11 has consecutive free areas 
having sufficient sizes and the free areas have no de- 
fects, audio annual-ring data, video annual-ring data, 
low-resolution annual-ring data, and meta annual-ring 
data which are respectively extracted from the data se- 
ries of audio data, video data, low-resolution data, and 
meta data are written in free areas on the optical disk 
11 in sequential forrn, as shown in Fig. 28A. Audio an- 
nual-ring data, video annual-ring data, low-resolution 
annual-ring data, and meta annual-ring data each have 
the amount of data which is an integral multiple of the 
amount of data in one sector on the optical disk 11 . The 
writing is performed so that data boundaries match sec- 
tor boundaries: 

[0271 ] When a particular data series is read from the 
optical disk 11 , as shown in Fig. 28B, seeking of a po- 
sition in which data of the data series is recorded, and 
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reading of the data are repeatedly performed. Fig. 28B 
shows that only low-resolution data is read. 
[0272] As described above, audio annual-ring data, 
video annual-ring data, low-resolution annual-ring data, 
and meta annualrring data each have the amount of da- 
ta which is an integral multiple of the amount of data in 
one sector on the optical disk 11 , and are recorded so 
that data boundaries match sector boundaries. Thus, 
when, among audio annual-ring data, video annual-ring 
data, low-resolution annual-ring data, and meta annUal- 
ring data, only particular data is needed, the particular 
data can be read without reading other data. 
[0273] Although the case in Fig. 29A in which two data 
series of audio data and video data are recorded on the 
optical disk 11, and the case in Fig. 29B in which four 
data series of audio data* video data, low-resolution da- 
ta, and meta data are recorded on the optical disk 11 
have been described, other data series of numerals and 
contents can be recorded on the optical disk 1 1 . For ex- 
ample, as shown in Fig. 29C : three data series of video/ 
audio mixed data formed by multiplexing audio data and 
video data, for example, for each frame, low-resolution 
data, and meta data can be recorded. 
[0274] In this embodiment, the memory controller 17 
extracts audio annual-ring data by reading, for each time 
which is an integral multiple of audio annual-ring size 
T^, the maximum of audio data which can be read from 
the memory 18 and which is an integral multiple of the 
amount of data in a physical unit area such as a sector. 
In other words, at a time which is an integral multiple of 
audio annual-ring size T^, when the memory 18 stores 
the amount of audio data which is greater than the 
amount of data in N sectors and is less than the amount 
of data in (N+1) sectors, audio data having the amount 
of data in N sectors is extracted as audio annual-ring 
data, in addition, for example, after a time which is an 
integral multiple of audio annual-ring size T^, and audio 
data having the amount of data in (N+1 ) or more sectors 
is stored in the memory 1 8, by reading audio data having 
the amount of data in (N+1) sectors, audio annual-ring 
data can be extracted. This similarly applies to video an- 
nual-ring data, low-resolution annual-ring data, and me- 
ta annual-ring data. The amount of annual-ring data may 
be a value which is an integral multiple of the amount of 
data in a physical unit area and which is close to the 
amount of data required for playback in a playback pe- 
riod set as audio annual-ring size or the like. 
[0275] All the components of meta data can be includ- 
ed in meta annual-ring data, and only some of the com- 
ponents can be included in the meta annual-ring data 
and the other components can be recorded separately 
from the meta annual-ring data. Specifically, the meta 
data is divided into components for use in retrieving a 
video signal frame or the like, such as a time code, and 
the other components. The components for use in re- 
trieval can be collectively recorded, for example, in inner 
circumferences of the optical disk 1 1 , and the other com- 
ponents can be periodically recorded in a predeter- 



mined pattern on the optical disk 1 1 , with them included 
in the meta annual-ring data. In this case, the collectively 
recording of the components for use in retrieval enables 
a reduction in the time required for retrieval. 

5 [0276] AH the components of meta data may be col- 
lectively recorded in inner circumferences, etc., of the 
optical disk 11. However, when all the components of 
meta data are recorded in inner circumferences, etc., of 
the optical disk 11 , recording of a data series other than 

10 *"rjhe~ meta data must be awaited, or all the components 
of meta data must be stored until recording of a data 
series other than the meta data ends. Conversely, when 
components of the meta data which can be used for re- 
trieval are collectively recorded on the optical disk 1 1 , 

15 compared with the case of recording all the components 
of the meta data on the optical disk 1 1 , the time for await- 
ing the data series other than the meta data can be re- 
duced, or the amount of meta data which must be stored 
until the recording of the data series other than the meta 

20 data ends can be reduced. 

[0277] In this embodiment, the amount of annual-ring 
data such as audio annual-ring data is set to be a value 
which is an integral multiple of the amount of data in one 
physical unit area such as a sector, and the annual-ring 

25 data is recorded on the optical disk 1 1 so that the bound- 
aries of the annual-ring data match the boundaries of 
the physical unit area. However, the amount of annual- 
ring data may be a value different from a value which is 
an integral multiple of the amount of data in one physical 

30 unit area, and the annual-ring data may be recorded on 
the optical disk 11 without matching its boundaries with 
the boundaries of the physical unit area. In this case, 
one sector can include data of different data series in 
mixed form. 

35 [0278] In addition, the present invention may be ap- 
plied to a disk recording medium other than an optical 
disk. 

[0279] Although the above-described consecutive 
processing can be implemented by hardware, it can be 

40 implemented by software. In the case of using software 
to implement the consecutive processing, by installing 
programs constituting the software into a computer, and 
executing the programs in the computer, the above-de- 
scribed disk recording/playback apparatus 10 is func- 

45 tionally realized. 

[0280] Fig. 30 is a block diagram showing an embod- 
iment of a computer 101 functioning as the above disk 
recording/playback apparatus 10. An input/output inter- 
face 1 1 6 is connected to a central processing unit (CPU) 

so 111 by a bus 115. When a command is input from an 
input unit 118 including a keyboard and a mouse by the 
user, the CPU 111 loads, into a random access memory 
(RAM) 113, a program stored in a recording medium 
such as a read-only memory (ROM) 112, a hard disk 

55 114, or one of a magnetic disk 131 , an optical disk 133, 
a magneto-optical disk 1 33, and a semiconductor mem- 
ory 134 which is set in a drive 120. The CPU 111 exe- 
cutes the loaded program. This performs the above-de- 
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scribed processes. The CPU 111 outputs the result of 
processing to an output unit 1 1 7 including a liquid crystal 
display by using, for example, the input/output interface 
116 ? if needed. The program is stored in the hard disk 
114 or the ROM 112 beforehand, and it can be provided 
in integrated form with the computer 101. Also, the pro- 
gram can be provided as package media such as the 
magnetic disk 131, the optical disk 1 33. or the semicon- 
ductor memory 1 34, and can be provided from a satellite 
or network (not shown) to the hard disk 114 throtftJTv a 
communication unit 119. 

[0281] \n the present Specification, steps constituting 
the program definitely include processes time-sequen- 
tially executed in the orders shown in the above flow- 
charts., and also include processes which are not always 
time-sequentially executed and which are executed in 
parallel or separately. 

[0282] As described above, according to the above 
embodiments, recording medium convenience can be 
improved, such as rapid editing. 

[0283] Various respective aspects and features of the 
invention are defined in the appended claims. Features 
from the dependent claims may be combined with fea- 
tures of the independent claims as appropriate and not 
merely as explicitly set out in the claims. 

Claims 

1 . A recording control apparatus for controlling record- 
ing of two or more data series on a recording medi- 
um, comprising: 

data extraction means for extracting, from said 
two or more data series, predetermined 
amounts of data each of which is an integral 
multiple of the amount of data in one physical 
unit area on said recording medium; and 
recording control means for controlling record- 
ing, on said recording medium, of the predeter- 
mined amounts of data from said two or more 
data series so that the boundaries of each of 
the predetermined amounts of data match the 
boundaries of the physical unit area, and so that 
the predetermined amounts of data are dis- 
posed in a predetermined pattern. 

2. A recording control apparatus according to claim 1 , 
wherein each of the predetermined amounts of da- 
ta, which is an integral multiple of the amount of data 
in one physical unit area on said recording medium, 
is close to the amount of data required for playback 
in a predetermined playback period. 

3. A recording control apparatus according to claim 2, 
wherein said predetermined playback period differs 
from one data series to another data series among 
said two or more data series. 



48 

4. A recording control apparatus according to claim 1 , 
further comprising padding data adding means 
which generates an amount of data which is an in- 
tegral multiple of the amount of data in one physical 
5 . unit area on said recording medium by adding pad- 
ding data to data remaining after said data extrac- 
tion means extracts the predetermined amount of 
data from each of said two or more data series. 

10' 5. a recording control apparatus according to claim 1 , 
wherein said two or more data series are related to 
each other. 

6. A recording control apparatus according to claim 5, 
15 wherein said two or more data series include at 

least two data series constituted by pictures and au- 
dio associated with said pictures. 
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7. A recording control apparatus according to claim 5, 
20 wherein said two or more data series include at 

least two data series constituted by predetermined 
pictures and reduced pictures generated by reduc- 
ing the amounts of data constituting said predeter- 
mined pictures. 

25 

8. A recording control apparatus according to claim 7, 
further comprising picture generating means for 
generating said reduced pictures from said prede- 
termined pictures. 

9. A recording control apparatus according to claim 5, 
wherein said two or more data series include at 
least two data series constituted by pictures and 
meta data concerning said pictures. 

10. A recording control apparatus according to claim 1 , 
wherein: 

said two or more data series include at least 

40 two data series among a data series of prede- 

termined pictures, a data series of audio asso- 
ciated with said predetermined pictures, a data 
series of reduced pictures generated by reduc- 
ing the amounts of data constituting said pre- 

45 determined pictures, and a data series of meta 

data concerning said. predetermined pictures: 
each predetermined amount of data, which is 
an integral multiple of the amount of data in one 
physical unit area on said recording medium, is 

50 close to the amount of data required for play- 

back in a predetermined playback period; and 
said predetermined playback period differs 
from one data series to another data series 
among the data series of predetermined pic- 

55 tures, the data series of audio, the data series 

of reduced pictures, and the data series of meta 
data. 
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11 . A recording control apparatus according to claim 1 , 
wherein the physical unit area is one of at least one 
minimum area in which data can be read from or 
written on said recording medium, and at least one 
error-correcting-code block in which data in a unit 
for error-correcting-code processing is recorded. 

.12: A recording control apparatus for controlling record- 
ing of two or more data series on a recording medi- 
um, comprismig: 

a data extractor for extracting, from said two or 
more data series, predetermined amounts of 
data each of which is an integral multiple of the 
amount of data in one physical unit area on said 
recording medium; and 

a recording controller for controlling recording, 
on said recording medium, of the predeter- 
mined amounts of data from said two or more 
data series so that the boundaries of each of 
the predetermined amounts of data match the 
■ boundaries of the physical unit area, and so that 
the predetermined amounts of data are dis- 
posed in a predetermined pattern. 

.13. A recording control apparatus according to claim 
... 12, wherein each of the predetermined amounts of 
data; which is an integral multiple of the amount of 
data in one physical unit area on said recording me- 
dium, is close to the amount of data required for 
playback in a predetermined playback period. 

14. A recording control apparatus according to claim 
13, wherein said predetermined playback period 
differs from one data series to another data series 
among said two or more data series. 

15. A recording control apparatus according to claim 
12, further comprising a padding data adder which 
generates an amount of data which is an integral 
multiple of the amount of data in one physical unit 
area on said recording medium by adding padding 
data to data remaining after said data extractor ex- 
tracts the predetermined amount of data from each 
of said two or more data series. 

16. A recording control apparatus according to claim 
1 2, wherein said two or more data series are related 
to each other. 

17. A recording control apparatus according to claim 
1 6, wherein said two or more data series include at 
least two data series constituted by pictures and au- 
dio associated with said pictures. 

18. A recording control apparatus according to claim 
1 6, wherein said two or more data series include at 
least two data series constituted by predetermined 
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pictures and reduced pictures generated by reduc- 
ing the amounts of data constituting said predeter- 
mined pictures. 

19. A recording control apparatus according to claim 
1 8, further comprising a picture generator for gen- 
erating said reduced pictures from said predeter- 
mined pictures. 

20. A recording control Apparatus according to "claim 
1 6, wherein said two or more data series include at 
least two data series constituted by pictures and 
meta data concerning said pictures. 

21. A recording control apparatus according to claim 
12, wherein: 

said two or more data series include at least 
two data series among a data series of prede- 
termined pictures, a data series of audio asso- 
ciated with said predetermined pictures, a data 
series of reduced pictures generated by reduc- 
ing the amounts of data constituting said pre- 
determined pictures, and a data series of meta 
data concerning said predetermined pictures; 
each predetermined amount of data, which is 
an integral multiple of the amount of data in one 
physical unit area on said recording medium, is 
close to the amount of data required for play- 
back in a predetermined playback period; and 
said predetermined playback period differs 
from one data series to another data series 
among the data series of predetermined pic- 
tures, the data series of audio, the data series 
of reduced pictures, and the data series of meta 
data. 

22. A recording control apparatus according to claim 
12, wherein the physical unit area is one of at least 
one minimum area in which data can be read from 
or written on said recording medium, and at least 
one error-correcting-code block in which data in a 
unit for error-correcting-code processing is record- 
ed. 

23. A recording control method for controlling recording 
of two or more data series on a recording medium, 
comprising the steps of: 

extracting, from said two or more data series, 
predetermined amounts of data each of which 
is an integral multiple of the amount of data in 
one physical unit area on said recording medi- 
um; and 

controlling recording, on said recording medi- 
um, of the predetermined amounts of data from 
said two or more data series so that the bound- 
aries of each of the predetermined amounts of 
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data match the boundaries of . the physical unit 
area, and so that the predetermined amounts 
of data are disposed in a predetermined pat- 
tern. 

24. A recording control method according to claim 23, 
wherein each of the predetermined amounts of da- 
ta, which is an integral multiple of the amount of data 
in one physical unit area on said recording medium, 

- is close to the amount of data required for playback 
in a predetermined playback period. 

25. A recording control method according to claim 24 : 
wherein said predetermined playback period differs 
from one data series to another data series among 
said two or more data series. 

26. A recording control method according to claim 23, 
further comprising the step of generating an amount 
of data which is an integral multiple of the amount 
of data in one physical unit area on said recording 
medium by adding padding data to data remaining 
afterthe predetermined amount of data is extracted 
from each of said two or more data series in the ex- 
tracting step. 

27. A recording control method according to claim 23, 
wherein said two or more data series are related to 
each other. 

28. A recording control method according to claim 27, 
wherein said two or more data series include at 
least two data series constituted by pictures and au- 
dio associated with said pictures. 

29. A recording control method according to claim 27, 
wherein said two or more data series include at* 
least two data series constituted by predetermined 
pictures and reduced pictures generated by reduc- 
ing the amounts of data constituting said predeter- 
mined pictures. 

30. A recording control method according to claim 29, 
further comprising the step of generating said re- 
duced pictures from said predetermined pictures. 

31. A recording control method according to claim 27, 
wherein said two or more data series include at 
least two data series constituted by pictures and 
meta data concerning said pictures. 

32. A recording control method according to claim 23, 

said two or more data series include at least 
two data series among a data series of predeter- 
mined pictures, a data series of audio associated 
with said predetermined pictures, a data series of 
reduced pictures generated by reducing the 
amounts of data constituting said predetermined 



pictures, and a data series of meta data concerning 
said predetermined pictures; 

each predetermined amount of data, which is 
an integral multiple of the amount of data in one 
5 physical unit area on said recording medium, is 

close to the amount of data required for playback in 
a predetermined playback period; and 

said predetermined , playback period differs 
from one data series to another data series among 
10 the data series*of-p redetermined pictures, the data 

series of audio, the data series of reduced pictures, 
and the data series of meta data. 

33. A recording control method according to claim 23 . 
15 wherein the physical unit area is one of at least one 

minimum area in which data can be read from or 
written on said recording medium, and at least one 
error-correcting-code block in which data in a unit 
for error-correcting-code processing is recorded. 

20 

34. A program for causing a computer to perform re- 
cording control processing for controlling recording 
of two or more data series on a recording medium, 
said program comprising the steps of: 

25 

. extracting, from said two or more data series, 
predetermined amounts of data each of which 
is an integral multiple.of the amount of data in 
one physical unit area on said recording medi- 
co um; and 

controlling recording, on said recording medi- 
um, of the predetermined amounts of data from 
said two or more data series so that the bound- 
aries of each of the predetermined amounts of 
35 data match the boundaries of the physical unit 

area, and so that the predetermined amounts 
of data are disposed in a predetermined pat- 
tern. 

40 35. A recording medium having two or more data series 
recorded thereon, wherein predetermined amounts 
of data which are extracted from said two or more 
data series and each of which is an integral multiple 
of the amount of data in one physical unit area on 

45 said recording medium are recorded so that the 

boundaries of each of the predetermined amounts 
of data match the boundaries of the physical unit 
area, and so that the predetermined amounts of da- 
ta are disposed in a predetermined pattern. 

50 

36. A recording medium according to claim 35, wherein 
each of the predetermined amounts of data : which 
is an integral multiple of the amount of data in one 
physical unit area on said recording medium, is 

55 close to the amount of data required for playback in 
a predetermined playback period. 

37. A recording medium according to claim 36, wherein 
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said predetermined playback period differs from 
one data series to another data series among said 
two or more data series. 

38. A recording medium according to claim 35, wherein 
said two or more data series are related to each oth- 
er. 

39. A recording medium according to claim 38, wherein 
. said two or more data series include at least two 

data series constituted by pictures and audio asso- 
ciated with said pictures. 

40. A recording medium according to claim 38, wherein 
said two or more data series include at least two 
data series constituted by predetermined pictures 
and reduced pictures generated by reducing the 
amounts of data constituting said predetermined 
pictures. 

41 . A recording medium according to claim 38, wherein 
said two or more data series include at least two 
data series constituted by pictures and meta data 
concerning said pictures. 

42. A recording medium according to claim 35, wherein: 

said two or more data series include at least 
two data series among a data series of prede- 
termined pictures, a data series of audio asso- 
ciated with said predetermined pictures, a data 
. series of reduced pictures generated by reduc- 
ing the. amounts of data' constituting said pre- 
determined pictures, and a data series of meta 
data concerning said predetermined pictures; 
each predetermined amount of data, which is 
an integral multiple of the amount of data in one 
physical unit area on said recording medium, is 
close to the amount of data required for play- 
back in a predetermined playback period; and 
said predetermined playback period differs 
from one data series to another data series 
among the data series of predetermined pic- 
tures, the data series of audio, the data series 
of reduced pictu res, and the data series of meta 
data. 

43. A recording medium according to claim 35, wherein 
the physical unit area is one of at least one minimum 
area in which data can be read from or written on 
said recording medium, and at least one error-cor- 
recting-code block in which data in a unit for error- 
correcting-code processing is recorded. 



first data extraction means for extracting, from 
said first data series, a first amount of data 
based on the amount of data required for play- 
back in a first playback period; 

5 second data extraction means for extracting, 

from said second data series, a second amount 
of data based on the amount of data required 
for playback in a second playback period differ- 
ent from said first playback period; and 

10 recording control means for.controlling record- 

ing, on said recording medium, of the first 
amount of data from said first data series and 
the second amount of data from said second 
data series in a predetermined pattern. 

15 

45. A recording control apparatus according to claim 

44, wherein: 

the first amount of data is an integral multiple 
20 of the amount of data in one physical unit area 

on said recording medium, and is close to the 

amount of data required for playback in said 

first playback period; and 

the second amount of data is an integral multi- 
25 pie of the amount of data in one physical unit 

area on said recording medium, and is close to 

the amount of data required for playback in said 

second playback period. 

30 46. A recording control apparatus according to claim 

45, wherein the physical unit area is one of a mini- 
mum area in which data can be read from or written 
on said recording medium, and an area in which an 
error-correcting-code block for use in error-correct- 

35 ing-code processing is recorded. 

47. A recording control apparatus according to claim 
44, wherein said recording control means controls 
the recording on said recording medium so that the 
40 boundaries of each of the first amount of data from 
said first data series and the second amount of data 
from said second data series match the boundaries 
of one physical unit area on said recording medium. 

45 48. A recording control apparatus according to claim 
47, wherein the physical unit area is one of a mini- 
mum area in which data can be read from or written 
on said recording medium, and an area in which an 
error-correcting-code block for use in error-correct- 

so ing-code processing is recorded. 



49. A recording control apparatus according to claim 
44, wherein said first data series and said second 
data series are related to each other. 

50. A recording control apparatus according to claim 
49, wherein: 



44. A recording control apparatus for controlling record- 55 
ing of a first data series and a second data series 
on a recording medium, comprising: 
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said first data series is a data series of pictures 
or audio associated with said pictures; and 
said second data series is one of a data series 
of pictures generated by reducing the amount 
of data constituting said pictures^ and a data se- 5 
ries of audio generated by reducing Lhe amount 
of data constituting said audio associated with 
said pictures. 

51. A recording control -apparatus according to claim 10 
50, further comprising generating means for gener- 
ating, from the data series of pictures or audio, one 

of the generated data series of pictures and the gen- 
erated data series of audio. 

15 

52. A recording control apparatus according to claim 
49, wherein: 

said first data series is a data series of pictures 
or audio associated with the pictures; and 20 
said second data series is a data series of meta 
data concerning the pictures or the audio asso- 
ciated with the pictures. 

53. A recording control apparatus for controlling record- 25 
ing of a first data series and a second data series 

on a recording medium, comprising: 

a first data extractor for extracting, from said 
first data series, a first amount of data based 30 
on the amount of data required for playback in 
a first playback period; 

a second data extractor for extracting, from said 
second data series, a second amount of data 
based on the amount of data required for play- 35 
back in a second playback period different from 
said first playback period; and 
a recording controller for controlling recording, 
on said recording medium, of the first amount 
of data from said first data series and the sec- 40 
ond amount of data from said second data se- 
ries in a predetermined pattern. 

54. A recording control apparatus according to claim 

53. wherein: 45 

the first amount of data is an integral multiple 
of the amount of data in one physical unit area 
on said recording medium, and is close to the 
amount of data required for playback in said so 
first playback period; and 
the second amount of data is an integral multi- 
ple of the amount of data in one physical unit 
area on said recording medium, and is close to 
the amount of data required for playback in said 55 
second playback period. 

55. A recording control apparatus according to claim 



54, wherein the physical unit area is one of a mini- 
mum area in which data can be read from or written 
on said recording medium, and an area in which an 
error-correct ing -code block for use in error-correct- 
ing-code processing is recorded. 

56. A recording control apparatus according Lo claim 
53, wherein said recording controller controls the 
recording on said recording medium so that the 
boundaries of each of the first amount of data from- 
said first data series and the second amount of data 
from said second data series match the boundaries 
of one physical unit area on said recording medium. 

57. A recording control apparatus according to claim 
56, wherein the physical unit area is one of a mini- 
mum area in which data can be read from or written 
on said recording medium, and an area in which an 
error-correcting-code block for use in error-correct- 
ing-code processing is recorded. 

58. A recording control apparatus according to claim 
53, wherein said first data series and said second 
data series are related to each other. 

59. A recording control apparatus according to claim 

58, wherein: 

said first data series is a data series of pictures 
or audio associated with said pictures: and 
said second data series is one of a data series 
of pictures generated by reducing the amount 
of data constituting said pictures and a data se- 
ries of audio generated by reducing the amount 
of data constituting said audio. 

60. A recording control apparatus according to claim 

59, further comprising a generator for generating, 
from the data series of pictures or audio, one of the 
generated data series of pictures and the generated 
data series of audio. 

61. A recording control apparatus according to claim 
58, wherein: 

said first data series is a data series of pictures 
or audio associated with the pictures; and 
said second data series is a data series of meta 
data concerning the pictures or the audio asso- 
ciated with the pictures. 

62. A recording control method for controlling recording 
of a first data series and a second data series on a 
recording medium, comprising the steps of: 

extracting, from said first data series, a first 
amount of data based on the amount of data 
required for playback in a first playback period; 
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extracting, from said second data series, a sec- 
ond amount of data based on the amount of da- 
ta required for playback in a second playback 
period different from said first playback period; 
and 5 . 

controlling recording, on said recording medi- 
um, of the first amount of data from said first 
data series and the second amount of data from 
said second data series in a predetermined pat- 
tern. 10 

63. A program for causing a computer to perform con- 
trolling recording of a first data series and a second 
data series on a recording medium, said program 
comprising the steps of: 15 

extracting, from said first data series, a first 
amount of data based on the amount of data 
required for playback in a first playback period; 
extracting, from said second data series, a sec- 20 
ond amount of data based on the amount of da- 
ta required for playback in a second playback 
period different from said first playback period; 
and 

controlling recording, on said recording medi- 25 
um, of the first amount of data from said first 
data series and the second amount of data from 
said second data series in a predetermined pat- 
tern. 

30 

64. A recording medium having first and second data 
series recorded thereon, wherein a first amount of 
data which is extracted from the first data series and 
which is based on the amount of data required for 
playback in a first playback period, and a second 35 
amount of data which is extracted from the second 
data series and which is based on the amount of 
data required for playback in a second playback pe- 
riod different from said, first playback period are re- 
corded in a predetermined pattern on said recording 40 
medium. 
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FIG. 4 
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FIG. 5 
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